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I 


J^A» ce " Stem 4 jr j 7JI 4 jl^l l 

L_lJ_>J iCj^Lk <_OJ_>J idjL^ t * X c_3j_JLJ ^jl Lj>lj 

4 ir>L\ 4_jJ>-j 4_lL> >"(>- i ts>\ 0 *i -v. l1ijjJ_j 
;4jI Jl_lII Jlla ii___JI IJljj (jf Lol^J (jL-j ^oljJL 
Ljl_>jj_* (3iP° ^J-^J <L1l1» lt^ ^J * ~< > J 
( 4-lL>JI ^-Aj liij^jjJ 4j.nl «nVlj 4_JjVl 3jL>jJL 
L^j jl i3Lj>JI j__ (^-A 4^'jJ 3jLa (j^a 4jjj>u Laj 

4 *LLal£' jj>-jJI 5 -^* 

*1jV1j CjLjJoJJI ^ JLjJLjlJI (JJLlA L*j o r j 

(__aj ^(j-^j^l s- 4 -^--* di-- 3 Ljj_>j <"i < h ^L ^j-jJI 

Ljj_>-j 4 m"^ (j£. <L 'J * ^ j ^ 3j^ljvV| 4jjV1 

jjU"tlj 1 j >. j t j j J I «uic 1 U *i 3 ^j-u-J 

t\ 0 Ir (j_a Ll*3jI (j£SJ *4 t j jUHj I j ">jJj j 7" II J 
. 4jIjjJ1j (__jjj->JI jj U" 1 1 j 4_ljj^_>J1 Ll>. jJ j j 1 1 1 
j j A*» a jji_jJJ 4 l2 l-"l>J I ^ j _a 7x 1 1 (j 1 I «l^. — ^ < < | j 

jl DNA jl LjJI jl _ 4-^ljeJJ i-yljjJI 3jU1 ^ 

Lo>- cjjL^ j__ ^ - Genome ^j!lj>J' " „^^1 ^i^i^l^ 

CjIj j t lll J5> I g lLL (__3 j n ^lj J"»- ml < 1 j-w __JjJ»l 


j-_> L}L_>J1 L&j jr jj-c 4 j r 'v >J1 4 jl>J1 j j <w L_j-_- >4 J ^JL 4Uj ~»J1 

- 4 <i 1"i ^J \ > i n 7JI LjA_-. (j-« »1 m"ii ol - i lnrl"i"wl (_£ jJI ijiiA, V U (__jIjjJI l_-r aUju 
CjJL>. __*_* 4 L-Uj-__ j j j t"i 1 1 Jb L^jJJ JLjxj CjI 4_^j J_£ 4__l3 -^Lj-jj 

____ <r<"< i" _--Jl cjI m^-I -»jl_> (jl ^lr JJ jj Lo~4 *_£j_>.*_n __jL_j_»J1 L__j-i__ -__. 

}Lj->- 0J-J-C (jj-J LjjIj 0jL_J l_-_*u I 4 I \ \ L J<_Vi L^J I j-^s JjV j^jJI 4_>-j 
'(3- ' cr-- 3 -^' <_?-- I j_-Jfc (j_-j ^cJ j*L__ J*s miJ 4_jJ_>JI ^-Ja ^jjj 7JI • J_-^- JUlj 

-j--$J jrt jniTl J--0 £-J- J-4-JU_J «Uj (ii iti j-j_u__>Jl Jjljwj L_jjL_>. _£jJ1 L-v-_i jjj 
j-C __j_-_-*_u jl J j n t U <j_a j djl^ 1 jj H , 1 j jj t *i 1 1 j_« 3jjar tU 4j-_u_-J1j 4_>-jjJ1 
4_J_w ^^jlj i<Jt>\ _--Aj i 4_j^_3t-wJ I 4_^j_>JI 4_J_>J1 L-u-j .JL_Jlj ^^jJI L»!VL>. 

^j-tbUlj <j-_j»Vl 4__J_>. ^-Lc _ L-«jj____ jjj - c_j3j « 1 * > <jt jjji j_u i L j-_-_ 
t L-_- Vl 4 <tj5"w __lc. L^J^L-- jj3 U_-j_-_U (j-J->* iCj^->> L-OJ-tJ O-L-C L_-U_iJ i JUajJI 

5^_L_-i_J1 j-- <jJ_jJj C-JJI J-i3 

M_U__ t^j-SJI j-U jjj_i__-JI JL JJL__ Ljj_wj ^jjuajja jLa |-j-*-JI 4_>.j <_-lcj 

\j i t ii <i"> 1 j_-_j__u (_J^Jj <(_$jLa j^j-C. *>Ll__I Jj_>.j_J jl jj-jJL_JU 4 J m*>L-JI Jj__u 
jjjkj j-a 4 -V ru ) 4_-_J 1 1 j ii j n ljj_-wj j-u-J 4j1 1j q r j IjLA __jl^1jJ1 Lj_ij_>.jJ 
4 (i r n*>L-Jl ^Jbi J-Aj tjijl-^L-ii LajJL-tj )3j__-_J_J 4jj q -aJ 4__Lj__L>- j____"f 

j____ VI <__-* La 4-__j_*iJU 4_>jLU CjIjj>.jII J£ jl (__!__ 4"<n ,«U <1xa\1 i cjr_jJL__XI 
JSJ l___i__- iJ_JU j«J-_- jjb (^jlc ^JLjC (____ 3jj_>.j-- 4JL___1 j-l-^l CjIjj__vj_a j-a 
d_jJL>J1 j___l-J1 ^ Jtj^ ^-jLL^I L_fljinljn!l jSJ 54j J-Lq 4tj ilnll Jj^.j-6 
^l 4 aiUI 4__JL_-ll 3j____ ^11 l-AL-^U tj_) J iiia (j-aiiL ^-M__JI l_u_ ,jl ^lj 

Jt j i»j . « 1 j_jjLjj 1 jL-__3 4 tj iUU j^yjs liILLA)) ji (jjjJL-JU 4_i__,5L_JI L^j ^jL 

4% j iUI1 ji j_i j jL t 4jjLL1 j 4_J_iL1 jAJ Jajj ^nUUI JLjuJI 4_ujj __!__ l _-Ll__j 

4jjU 4 tj .U jj 4j| juV ^J-i Vl ^JL-JI jLa ^-Lci ^JLc j-4 4_**____j c__l_T 1 jj 
jl iMiL j j <. _j 4 v m,;11 i_j_-b L-j * J___Vi JjL__-j ji ^ 4 v ,,,:ll jV tL____- 

(JJll-U jl ^jU" i n*)J ) J j t"l 1 1 J jl in"JL p < ii "j /^l (L__J j_C Ll__J ! Jjl_> S/1 jLfl j-JJL_Jlj 

VjJ jl .4-J-kJI L^j CjJL>.j ^-lll 4__jj_L_JI (_-_£. j£J Jtj A 4_JI i_-j-j ^jJI ^j^^ill 
LlJLlA cluLib L-aj *(j-fc_ Ll^ Laj 4_J_*JI C-JL£ La j j i"itl (J-Uj VjJj ji in~i1l I jj_ 
jl i m i j ae tllj (3jL>-lj -Jl>.j L^Ll-sJj L-b J__x jj__ j1jU__>Vl (jru i j 1 1 n <i"t ^-jJI (j^J-oJI 

CxjL£ I 0 * J 4_il>Jl-3 ) jJaJLJ £A \ ^ iri I ) l_^__1j_j__> J5L->, ^__J 3jL_-.jJ1 -*JL_- 


J>9f»$JI Jj^Is ^I^JI ^jl^ll 


^ L_>ol ^jyJe CjUj-JJ oJJt ^ i ii °i Ji> < . i _> ju (jiu L^jLjSLa ^ i . -13 CuL_ 4 t-ij i ■ 1 1 
Jl in<iiVl 4 jl of ^jj _-"->■ l_j__>.j JLtl ^ju L^-La J_i Jiajj ( j_-VI 0_>uV _1 irt a 
<_) J_- Le JU—J L-Loj _)L_j_>. _)l~il ii~i i h a (j_J_-j LujJ (jj— J JUJUC-J t^l i .ir*MVlj 
__JJ ^ A i u _ * 1 1 4_xL>Jl 4 -i^j -^j lVi t ii i V 4 m j) Cj_9jJ1 J oL-_-_t _ya 1 o j ij > 
C_*-j-_ -tj I j j <tj lj j _j Cjj j t"> 3jL_-lj 4 jl s__l . C Jj j t**> JL_ L$jl _£ j__j _y< " jl 
cLu ^_JJ 4jL^JJI ___< _ (ji i i ii II _ru^Lj (j-u*>La _ Ljj j i ii La j_t>j ( (jru_i_>. 

I m i t" __!!! ____ j J t "J I (_-~J 3jjj>. Vl 4«KHj ) Lj_>J1 CjLj_Jjjj _va jj--« _,-*- 

___> ..itl j_> tjLi? j j t"fTI jj _J _ c.jj-rJI 1ju_ ___ jjjl-oj J_l (_.__, _ I j j "K 

— _j-_j La (_-Jjj *_)*-^ 4 J^ r ct— <_?-! ^JuaLw jl 4 ix (t!j__- **Lj____ f l Jj___j 
JL_- 1 j j t "<T1 (jL_j t(ji * i .1 Tl (j-u^La JL-_j ^__j>. jl (j_ __i Tl _J_VT julj 4 j Ir _)j-u 
(j-a 4_JJ (_-*j- La __JI j <i -j _j1 Juju Vj .(j____l jl jjU"i!T 4 j i n j^jJI 4 -r 1 1 ..VI 

0 j-£J L__u>J, j j-lt, I (j-aIjjJ! CjJL_>JI 4_juLj_a Jjj _>_e-L _ .Ijl-b L_u J_>J ^Ljj 
*IjT <-u_jl Laj 4_u_,jL_J1 JL_j_3 . JUj_J! JL_ tU (j?jL>Jl t_-J_j_JI __ juj 3jj__J| 
4_a__>JLj L Jjj j V j T _jj_uLjj j n Tl __j! < _j U i U ^j-C S Li % ) CjI >L*i ^jjo ^___-J 

Big bang ^jl^tTI jL*-_j^l __a VI ^___j f«J 4_1_ oj_Jlj oL 4JjL-1Lj 

1 ju_ ___! ^^-.i J_C 4"it-j"i*> ^lj (jjjJlj ^*^^ ^Lc o^A 1 ^ tV (j__ t_jj_u Le j-U 

*_jl ^L_____JI jLauL IJLJ (3-^JI o\ l>IL-5j .(*'jJJ jlj n *i .i.l (-_ ^ i .i "m (jj-JI 

j_i_ljJI ^ ______ I lj__> I ^ j lr jUj mmj LbjLjej ^-JJI fr Li__-Vl c_iL_j l>L>J! _jl_? 

4 1 1 rt " a l_^ji 4 t j iUTI ^LLaj J-j-jJ 3jLaL>- jl 4_j__ <;lj_t_ CjL-jI^IIj . I "i <iU 

4__j_>. 4jj!j 4-Ll-I ____*_ cjL_>L_I ^ju_ J_i jl JL__uVI 1 j__j t( j_-t-u I (j i>i 1 1 

V_L_j! j-i-b Lr 4_ j j t "m C_alj Laj j ii "m __4_5 _Jj_*__ C_oL Laj i3L_j_>J! 
(jL_ Jlj__-Vl J_ (__J_j . JL-Jlj ^J-jJlj (j--a_fl ^Jlj__ j_JJU l-jJI _i_ t 3ju t r 
4__j__j Lu_ 3Lj-_>JIj .4 i v C_jl_i Li_ 4jIjl_JIj AjIju _ys L^J JuV (jLS" 4jIjl_JI 
Jx-5JI J.j-at"Tlj 4jj|j VI 3j-_-J 4_LL___JI ^ju- l___ ^JS __j_5 jjSJ ( 4uL_J 
jj-5t_JI j-a La ^jj I <i Q a jJj 4jj!j q"i i.,VIj ^L__J1 jl u i t <U .__U__U 4jL^j ^ 

L_L_Jj __j__j jl L_»L__j (___J1 cil j iitTlj 4__4_pJL1 __jji_JI __ic < . ■ I i " H jjJ__J1j 

__4 J__Lj (jr-t__uj V _U_ jjyjB (_-— »3 .(__— u_Jl JuJL—JI L^_bjJ_ __£> 3Ll>JI 4_M_La 
(__-Jl ___b L^j I JU_i i3j__L-a 4_ajjJ_u I J>j" (_y— 3j_fc__ jl 4_u_>- j_) jl £jL>JI 

.^j__JI j_-l ^__^luM ^JAjI (*) 


JJ^ _?J^ 


4 o ■ nTI j_4> j j t"i T I j . n i ~ j j 0 "1 1 oJ 1 fl W 1 1 11 1 {jA jjJ__3j 1 <j "i rt 1 JJljlj 

cj_L_>JI j j *"TI I Ilaj ( 4___ j)j_J1 ^j Jj 3L_>J1 ^juk ^ *____. J£J 4_^L__Vl 

___j-ju 4 j o"i -w 4-jj1 j _£j3 4__J_JU _j-__L_o j-j_C. 4__jj-L_j jt 3j-__L__4 _>l L_ul *Ij___ 
J_>-1j _J _jufc _-JJ 4J__1 ,,i jJI jJaju 4 U j s-JL I l__>JjJ_JI J£j , u t j tUTl <_jL_*__jjVIj 
I 1 I" fl jj-C jl Ljlj miT (Jj-J J--J tl____j-J!j L-jJLl-jJI JJ-J t(JJ 1 11 A J-y-JuJ J__uj_« 
JJjl ij 1 .1 4jf Jj-_J jl VI Li_b L-L-4J V ^_L-__* jJjl M 1 11 4___J i(j___uJI tjU-_J L*_> 4j 
*(_--- J_» j JjJU (JJJlJI j_ JtJ jUTI JM-J LlcJ _>£J . j j j*nII ^ jlt Tl 4_JI 4_____>j 

L_jV V A * j .hll u__j!j_5 c-Jt 

J_>.j_j ^J tfr L___Vl 4 % j 1 U ____ 3jj_>.j_3 _> ujjL-La j^ 4 jlr Ij.t 0 ___ I La j L> j^JJ 

I gl t yj i (__jjj__«J I J (jsjj-M LT^iJ**' nitl _____ t Jjl_* (j-o Jjj < - o j J--J 3j.t a L$jV VJ 

- j, 

(jjjl- (_-_J J J 1 Jl __JJ 1 J * "l 4Jol r , ■ 1 T I jJSJ-J cJl_l£ <_£jJJ LlA _pl . Ljjl j J-JJU 

4 rt jn -_j 4_tl_»J| 4 *ij nn_ __Uj jjl (_____ ^Jjj __£ t*4jL_lJ 4-<_-__3t a 4__j^JLj JLjJL-jJI 

.(jl-La J£ ^ LJj_- _yaj (jV! L$jjjj__ ^ (jJ*j ^--Jl SLjjjJI 

^i|if uyr ^.l_v ^iaJi iL__ji # 

4-__5j_4 ___! t^-J- J_l jlj 7Tt m.V (jy-_Jl j_j*>__4 *L_____jlj ^jlntll jL_*_i_*_ r l JUu 

(j-a uL__ JL9 (j-sj^l nt jjJs 3L_>JI jl , \ t j 1 \ J_a j 
j_4 I ^ in 1 1 ~-4J>J 1 LaLu LJ ^j-JI 4j_jj___4 jljja (_--Aj t L_>j j.c jjj (jIojVI f*nn%. 
l__JjVl 4_j|_l__Jl J_JJL -_4__3_-jJI Ij-A (jj JL-ojj . L^J L_j__ia 1 (jA JljjJLI ^i m *i T (j-^JU 
___J_JU L-4 Jl RNA Ljjj l__j-aj __»L_jj__*. 3jj_-l_> (_-_! 5l j tIT 4 j rt j n -nTI 

jj-^vj j-t 1 (ji 4( -Lc j_j>L 4__jj? (jJLc jjJ>j L_« j__- Ribo-organisms j-uj 

5 IJlA C-iJjk L__j_? JjLh jL_J J-_J ) JjJ-OJ jjSJI I JLA ___. (J-OJ^I L___J_^ jlj___L_olj 
l_Uj LLul-J j_u_>Ll_J1 j CjljjJJ 4_j-_j*>_i_Lt1j 4jjLcjSJI 4t jjUTI jt 4jLwVI jj_o JL9J 
(j_-j*-_>Jl ^j ^-Jj^l 3jUI C.-r Vit ^__Jlj oL>JVIj ^ 7- "11 __J1 4Uj 1 11 .11 jljil 

(jjs ;jVl jjj^jil DNA LjjiJI *(jy^>- j-j-^ JLa- _-JJ 4 . __j jLS (j-Jlj iLj ^jjJJI 
3Lj-_>JI Jj-oI <uij t "_jl j)j_u ^jJI ja Lj ^j-^ 0' jrLj 4jj! uJLLaj . LL*>Li- 
Jjuu jl£" Lij jj JUjj . 4j)j4 Vl (j^L_-Vl j_- 4 UjmijTI jljJLI Jjiij Jj LjjJI JJ3 
Transcriptionalj-wjlJSs jjLjLj^ (j_« 4jj__ L >1 1 i_u 4_^__j l_J_jJ1 ___} j____j_ij 
^^---u ^LuJ (__ic j--^»=jj i4___jj (j_o (_r--u_- 4 1 ■■ ^ . .1 ij tCatalyst j-sL>.j factor 


frLj__._M j->3J . 3>j o " i n a 3_4_>J1 *L__J 4_-j}U1 4jjJj___JI 4_oj_-_jJI l_j^L_.l_l_JI 
3^ui> t>J-vf ___ LjLlij Jj t "i"> ij ilkJLl ^-3 4_i_>JLi Ljj oLajjjv _j1 4 n. fly t U 

LjjJ jj-JI _>-- J-* 3 ^j- 3 ^ * ^jj _>-- 0-* I jlLoja lpj_>- jj-- 

-JJ_J i > j_4 L| inii 4 j m a . I ^jlol o -w VI i'lj i in*i j>_. Jjj « <i 1 1 J (_ya j-luJ-jJjJI 
,___ JLtjJI 4lfl < <>j 4_uIj jj__ SjLo Uj jl __5j^__l1 j-*J jU^Jl jrOjjjJl joj__J 

Ls j_bj ( Mjj__ *L_J1 ^jW*i mJ V L_UjJj t4ljfc _______ Jju_j J_3 j_i irt4 C__j 

a ju- jL_ LiU jJ >4jjIj « j inVlj ^L-LJI j_*j ^Ai-^j _y* j j ^-1 l_3jl$I1 ^IIj 

J^J__ ___ _____>_ j-J->- Ij-jj--" L^_1JJ_V t5jl ~i4 4 4_j_>- __)J _)L>J 4jj_jJjJ1 _jLuI_JI 

j-4 3jL_-lj 4 j r j jj "i j i 3 J_C L_ j_a l_1j_j__i <"(j * Lj_ ___b Ljj jya 5juJL_>. 4 V nii 

hlj» j^L-LlII _jjLi_-I Uracil (U) «,j» Jj___Ijj_JI j^a Vjl__9 *j-jjV1 L_jl__L^_ 
Adenine (A)«f» _>j-i-Vl ^-u-j 4 j'j>jj m'<H jlc1j_JI 4_l__> Ul <Thiamine (T) 
1 « j o> cj n i*q Cytosine (C) «^n tin-jj" j "Jlj Guanine (G) «--» jrt__1j_>J1j 

.(> J___J1 j__JI) (T) Uj^_J_;L^L_^4^l- 

1 — 

_>- — 

i 

L>j <_)) Jj^'j t *L___II jj_lj_ _-JL- L-jL_JI jj__ LjjJ! JjL>o -_u_£ jr^j ( ^ ) J___JI 
((o) jpyaL-Lj ^J] (^) Jj-__Ijjj rij m "tj <TI 5a_;L_Jt j-lC 4jt ^j_» Jj j -_ tCuL-JI 

. Lj. -u__>i IJljj 



jy*J* i^jSi^ 


h_r'\T.II 'kt\^\\ 


jjl J_____M j— *J Lcj1--J * Lj j (j_-s Ijlj n" inl jJj-£lj _jL_u JL_JL ! U.5J 
t__J__ __-9 l£j--0 4 i n rt i I J-»Jt_j (jl J-t-s^l Ljj (J-uljj ,<__* i(j__jjJ1 _--__> ^--3 < ii M 
:4___.ljji ^j o j&j LjjJ lj, \ <rt a jL-ud lil -*jJJu Lojj__C Ln <jL_-_9 * JUJL_>J1 Lj-1 

,(rRNA. t tRNA ,mRNA) ji ^j^^yi Ljjj J_>LJI Ujj Jj-^l Uj 
j <i "i n.lj t^j jl___ 4 _iM t 1 11 4__J_>J1 __J9 j^>. ^jbi i !_j jL__> I jl_u_j 

JjJ- j j V _____ ^yjJI i^a> Lj V I ^ r>> c 4jjj m <"il o " ^lj 4-lL_t_« ("r i>nlj 

j jj -"11 (__j(jl3-V 4JT j j L^_j? \ o i"< a LoLaj i jj i n i 1 1 j j j ."Tl £jjjl_- _-l__. 
j_L_ j^Uj^ L^i-klj ___JI 4-uljjJI SjLLI (__aj LjjJI jl-*-jj <-m^ .«Glj 

JuJL_>- ___». jJ>L£ »1 Ur I j_A (__j__Jlj t4 in aj ^ i j_A Jj) -"I iji^ j Mi ^ lr 

. 4j_jj j_* <U JjU--» 
4jj_-_M 2UjJL__ 4_jJjVI 4jj__ujJ! __LuL__JI _> jL-b 4_ol ■ " ■ * 4—j_- _J1 4 

( LUCA) Last universal L-^J _,* ___J1 _ Lj j"<ilL_" Prokaryotes 
___>. j__i-I j-aj ij j _J j ~ ni 1.1 ^L-aJI < kJ ,,.TI jf comiTion ancestor 

l_£j jLo t Li-j ___■ 1 ^ , ,i n \ , \ $ i ^aJ _ _>j__j__Js CjI ij *w __j3 ^-j-jJI lit q ___> *i r"ij 
USj . (T) ^jIj n ,<ll <LJj.M _ljll JfC L$j 4-Lu ^ ^ _l ^IjjJI 

4__ul j o j<11 L-jLjjSUI _dJ_ Antonio Lazcano jjL_jV j_j--j-_jl Jj-Ij 
prebiotic soup ^_j1jl__JI *L______>J1 ^ 3jj_^.j__4 c-__L-T ^-jIjjJI ^^j^JJ 

jj-tllj-j i Jlaj L«_ j^ LjJI <:^j-jv. ^.Le 1 rnjl 4____u _-_jljuJl ^ Lc.i >J1 ^j>J j . <-_t£j-JJ 
^-_vJ j_jL_J-jjj 4 i n ni ^ i ii jj ___? 4 Uj i ii j II 4_-ul j n j^TI c_j^LcL_l_JI ^j-A 4 I , nl r <t 

,j--l 4 I r ul r n _J.L>J OljJ-uuJ Ol J i , it 4 l 4--JLJJ (j_4jJI Jjj & J-^J .^-^ n IJ 

^j_Ja l )"<") (-J_a_i ^Jjlojj t__jL!uj_>JI ^-rnj iCjLcJilj-jJ! J Cj I j U 1 1 j Cj*>L-.1 n"i 1! 
_-jL_jj-_*J! -»--__ jj U"n ^J^LJj . 1 ^ Lj <a LaLcu ^j-J-I CjL__jj->. (jj^-jj Lx_.l o" -^l 
(_----! 4__-_j>LLI ^-jjLj j nll ^jj_L_JI jfj£>\ jJLj <j1 Ju*>L_) Lj iL ^j->. L_^_i__ Lcu 
L_e JujJlj .c__L___JL1 4jI_4J ___) 3j__U_-i 4_-Ul_>j (j^JJJ (_^>- L_t-_j->a jpL-C __JI Jj_t___j 
L^J jj-u jLj t LgjL-i _o ^ lr J__iL_>u 4_j_s- 4 ij^La ^Luj jj_> t__^j__J1 1 Ju_ j_-i 
^-iJ^ .*L__JI (j_-i 1 ^ r jj _-Lc <____L>JLl (ji-cj I ^ i m <i - j-_-uj (_-J--i SjjL-SJI 

Lqf» t 4_Jjl 4jj>i (^La_-1 J>4-3 (j^o J--ljJLI c?- 13 "! (jj- 1 (jLS^ _JJ j CjJ_*u 

4JjJi--u fj\S (jyjj-JI !.!__> tjrpjju ,tLuI __1c 3jJL__JLI -diJUj (<j j>-Aj iLjj_-__,l 
4Uj ,,. ,11 e-Jj^l *L_JL>JL_a .4Uj,„ ,11 _-JjVl -UI^JI ^LlJ ^j.l oUJJI 


jLaJ ^j nj< JJ»-b (jOjj-JI (jja J jl "i j 4joLte_jo 4jjjjJ 1 ^^al <i -%»Vl j^tj 

CjLjjI * jSJI jnij ^ lr 4Uj <m J1 L}L>J1 ^jla »1 n > jl^JLjkjj im r 

.4Lm,i CjI m<ju Cjlj L>L>JI _>jL_b OjL^ Uj . 4 Uj -»JU 4li_JI ^yS 3_>j>jJU 
>9ljJ ^ JljJ Js___i_3 (J-ujJ . 3jJj_-i_-> (^j ^>_lC. \ j-X>\ CjLojjjl JJJ>J ' ; iltn jLs 

4jV Ll__lj1 (jSJ *.Uj ... Jl ^IjlJI 4_i__>J1 Lj ^ oUjjjyi dJL^J *L_J j-Jjl 
j j r nj ^Ji CjL^jJjyL 1 0 t j ^-Jj 4_jli»JI £l_L>__ 5>lnia CjI i lU*i o JL>. jj V 

cJL£ 4jJL>JI cjMcL^j <j? L*__' ^Lliil j cjjJU Cjy\ jl j-g^r |*La>U J__lUjJI 

4_Ljj5-JI 4__L_J! C_jLf> Jl_3j ♦ 4_L1 IM Jl 4jLc ^ySj 4_jjLaJj 5jj mi jj Ju 

l_11_J 4JL___j_J ^jU" V ^jJI lJ ^jUI <_-* ^L_t___,yi JL*-JJIj u „ n ,n1L£ 

. 4_lL>JI 4jI Jj C_jL_-* J_ ljl__J t 4_ij|jLJI ^ya 4jL-J1 o}L_L_J1 


J£ L_b!j_>. I JL_3 jL£ 4 o ^ a 4_jj^>J 4_uj-L_J1 <? Jl^j SL_>Jl SLj_ ^CJu Lq-<oj 

_>Jl__ (jj3 gjL£.i iii *j _»Ijj___£jJ1 jlj-Jjj Stanley Miller jlL * i„ _jo 
^LJI ji.K j mi 4 t aLgtj Harold Urey ^jjj jJjjU 4 j y_j_JI 4jj t ~tl 

(jJj^l aL_>J1 3__j ^Lul L-bJj->j , V TTttU \ fr__j l_Jj_JI Li__> Ca> * \ ^Ot 
Jj__u ^jJI I g mi n*i 4-jjI j fi j<Tl JjoIjjJIj Cj I j -L^J 1 glTi jl ^nn'^ * 1 jl <i t * 

(j-L>-jji i jgllj jL-LLI jLi_> SjjjLa ^J-^j LoL__j <L_>J1 3jU1 ^jjl V> 4 j 1 or 

£___ <Sj i<jJ1 JuT ^Jjjwj ^JuJ 4jg jc i n^j^l Lo.i y-niij t<Jj i Ljj_4Vlj «-Ulj 

^jjjLjl jjj 11 ^^uujjJI jUL_jJ1 JL_3 I o < jj U" H Jt aj lJJ j i tj 
^ John Haldane (jIjJLa ^ cr^^L; ^li Alexander I. Oparin 

i 3 j j j l_Jj 1 Jiwl J 4— jjj q < 3jlj— Jl* J^LLI JlLcj . ^ ,>>UI jj— SJI CjLjojjjAj 

1jjljvj I ^l >.b cjLjSUI J-djt jjj (SjjjLoJI Ji.lj JjJLJI jlj 4-j>-I 1jj^>.V 

jJb LoSTj ^4 Uj i ,i y 4 j *f j a I -jJbI 4"k 1j ^jjJjSUI juiic L^J ^l i 4j jjJclC jl jx L^j 
JUlj ^l j iCjLluj^JJ 4j ,„1 M,Vl 4 l .111 ^ 4 jijaS?! ^Uj^^I jl L-SjjJLJl 

ljjLJ c.tTn. . i ^tj <iy 4_lj>J1 lJijLiojJL ^IU,^ Folding cjLlor 
^LJI (J^j-ujj-a 4jLjaLatj Juan Oro 1 jjji (jl j>* j-a j-=»-T UL jJJLoj ^yLl "< < <» 

, 4jj jjJ 1 jj^Ll^^I L^j jjSljj ^l 4^jjJ^JI 4i3 jjlI 4jj^>J Jj^J * ^ 

)tf,V j ollj j llj a \ $ a, V y- itil (jyjJI (j-A 4joL_oj jJt£t jl j-o ^ I V n oJ ^jl 


__JJ Hydrogen cyanide (HCN) uy*jj v i d TI nL; _. ___! __/____. 

v _■ a T i nll c_-L_j 4 H20 *UI jj-wj ___s Ammonia (NH3) L_j>*_M 
__-* Ji-ju _-jJIj Adenine « t» _jrLLoVl 4 iii ~i ji H _*jl__.L--J! ___jj5-j _J 

^jj^Jt—a p _*> ! t . r j ^jj ___ J_> JU ljL_>j i Lj JJ Ljj _j__JJj-JI (jH <\ ^tl t . i j ^j- 

glWi -I ciUj j^j . 0) ATP oLL-jJJI ^MS oj-juAl SlaLUU 

JL-ljI j i i) jLkjI (j_a _;j-j>. _M 4 j ij -wj^ **i j il\ , V f I j__J1 4_j_2u (jjj__i »1 q U II 

L_L__ 0— *J )_JI j-JT jl-JI *L___>JI _-_} c_j__> 1 -1j-« ucH^iJ 

4___jj__aJ 1 j 4 — il 1 1 — — 1 1 I ^ ■ ___ j -^- 4jj_____JI jIjJLI Jjl-— _j _jl _M _-_ ____J _" 
^^--Jj^JI < m< jjJJ ~r j n- intl £j-JI j_r__ ^-J^M L^L_>-iL_T (( __JT J<.m) J-_*JJ 
-_* \ 4 i>> tj ol-aj^_>J I _ye J-jj (jj-ljjj 4_-e_p_) jj'^.1 ^jJlj i J^Jjc La ^jjj^ 
fj] _>_o I j__ii Lj ._Jl jjT 4 Uj^JLl 4_Lj_Jl <j_a _--L>. ^LejL^ esj-*--"' Uj- V 

_)j- L__jL__>.l _£ jJI 4 i ii ^jjj^/l (jjjSo (____ cjI ju _--JI <_--- oL_jj_>J1 _ ___> 

JLt_}J .(_-jl jJI * L__JI J-tJJ ^La^LJ J i ii I r n"t ___> j «" i n" SjJjJI (jp3 I jJ * L_fcj_i_. 
J_" ^-Sj t 4_L_____JI Ulj 4_l3j_JI Lal ^-3 ijL-j-^l _______ CjljjjJI _yu JUJuJI 

_jjJl 3l_j_>Jl *l£J>->- (__j_- Jj_____>Jl (__"->- , V j <i t jJI j-_— j (^_ijJJI Jj_cj 3j_45 

(__ic. (__jj__>JI jj U" 1 1 J_-JU (__JJ j j i"m (jl (j-a JLjV LL-J .^i inrt>VI ^jU"n nj 
(j_4 J_l__j c_-j->- tj-K") Tlj in 4___Ll__ ^L__>.y (jr_ L-JI rjrtJ^L-a _JJL_o 

. LjLj jJ-*lj I tj 5-J J-^l __Ljjj>. 1 J-rJJ_lJ 4 Uj i ri j T t 4 JMflVl (_^y_>L_— -'l ^JL— 

4 jl >ll (___ 3jj_>.jJLI 4_jJLj_4^I (j»_>Lq_>.Vl L1_>Jj jj U"ill J__9 jlj o *i l_I ^_aj 
(__lc. 3j_L_JI (j-^J tL-LI Mi"tlj JLj-ojljJI __JI t _, V ^" Sjj _-J j_4_j 4 In j (ii \\\ 
(jja 5jj ln" t, I t— -£ljj Inlt 1 t n (j^___JI j_o (__lc. SjuljJua SjUJUw L_iLliJjjU ______ 1 

^jj-UI J-Aj) Ljj \£$y$\ (jrio ^JI J^L>. _>jaj . LAj j r j ^l j___j 4 \ j i j ^LLa 

i3jj____Jt,l L^L>JI ___. jj->*jJLIj (_njj>-jJJj Ljj (jjjj-JI _)>>^ T (J __--L____ , I 

JjjjJI 5^aj___La JL*j£>1 L^jJ_ CjJL>-j _--L_-a L^liwlj j____-J 4_ijIjjJI SjLLI l_)1JU 
i L^"ij 4 A V L^J < " r i r r> fl (^L-L-Jlj 4jjIj i »V| I ^ | i— <-*—■) -JJL-KJ LS 4— J_>JI (____ 

CjI i j >J1 — j^ 1 >> («j (j-^j t4 j tj ^jj "r j Ul , V r 1 j a \ \ < r j"ijj ^Ll l_L-b _yaj 

_^jLa-j_CJI ^L_j_>JI (j_« 1 w i ii -j 4_jL>JI J-wL (j^jjj__JI j__-_o _>__ 4Jjj inl.1 
___i 5__jJL-w l___L1oj __lj 3 Ju JL>» CjI ij y CjIJUJ i 1 Jj_>.jJLI (_-jsj^Lj"i j i nfl 
L£jJ jl 3U. ....\\ 4_o1j-JI 4_±L>JI _,j__ -JJjuj < hc \ .^".11 (jj-j jj_£__J! 


jj^ _;j^» 


^gpgJI J__»lg -^|__dr&±laJI 


^hjlj j o j^ CjM__.L_ij J j_> J L_*_t__>lj I JL) jl i I ljnt"i j—£l jjU (__J C_1>J _LB 
L-$_-LcjJ J j__u Cj I j n -r a jl CjL^jjjj _-Jj £-___>_) Cj^___L__JI _»_A__bj * 1 $ j *^ 
L^j 4 Uj tJU 4_LljJI u lc V o "1 *"i L}L>Jl CjIju Lj__ _>*_9 . 1_$jL_u ^lr J n «~j 
_nJJ ^ 5 j j II (j-u J__l n"JI £jj CjJL>.j i 1 gl^lj 4jL_ijJI CjLjJJo 4_j_Jj ____ 
<jr>~n 1'm ~l IjlaLI o^3 L_Lj ____ I <jl ^l j J <i <~ij J 7- rri 4_lL>JI Cjl iIU" a 
Jj->-J L_U j JL_AJ 4_J_>JI L___>lj . du J-CJJ L_£J j_4J _--JI _-ll_L_- _M (jfjjJJ 

4_lL>JI J-Jj 4ujli_-4 4_J__ 4__L__ 4_o-jL>J1 4 n Jl __J_ 3 Jj>-jJU 4__LL_JI 

(_____. J 1 o ~i r _M (__JI Jj*j 4_J_>JI c_jL» I jjj iSjujLc 4_ul j 0 j!j_4 3jjj__» ___ 
4jj j U " II (ji , , n II (j-u}L-i jjj—o _-*J . 4__L__JI (j-J-C Jj-u____>JI (___- I (j < M <i 1 
CjIj, Ij AjJj-LlL-" L^L-b 4J5LLJI 4_JL__ 4_ijIj«j<1I jljll ^-l^ 4_J_>JI .-,-r n^l 
(j-«jJI jjj— « £-*J . (jjij «Ml Jj"i n "1L -— Jjj I g j^ _Ojj>jJJ 4__-l_JI _j 11 <i i"i (j-a 

^j_i-.l L>L>. ______ J__J___Jl __J_ 5Uj ... ; tl 4_Jj_M L^LJ-JI ^ «_> luIju L___j1 

LgjjL» ( U I" V"i _____ (_-J_il (jjJ (j-A _y4-- 1^-1- C---I J Laj il_4L>.l_> (j nj tllj 

jli-UI ^LJLI JU>L1>.VI Ij^J £^jj « njrMI JjUU 4j_IjjJI _ol_lL 4-uIj^JI 
J*>____-_M l_u- ^jJIj I fr ,j ,1, ^ I \ ■ __j . juj-^JI (^IjjJI ^L^-JI Ji-b 

CjI J _____!__£ 1 4 <j ^ o j 4-_j s <a lJijLLdj CjI j CjI q_j 1 n -w ^^Jl ^«jljjjl 

^j-JI (_-__. JA\ cjI o j 1,1 ^JI ^ L_^j-i_-ij , .,>Ljjjj---JljMitQchondria 
(_-_. 4_lL>JI 4_j |-j-5j m;jJI jT-itl J-a-JI *bl JLc~?V ^njUjJI < . , ,^»11 Ji_u 

. 4_LJ _* I L^JJJJ__> 


Eukaryotic Cells IjTiiliill «*&%\ *Vĕ LU-JI y^_- 

Jc_-_3JJ (j-CJI CjLjJ_l_JI (j_4 _U_L__JI -lj-J>-J (j-JJ J J mi'i (jl Ll-b L_J j J -eJJ 

4 1 -v jJ j j 1 1 1 4jj IV) J_l_-i i4 j _ j 5 >JI 4jjj^/I CjIj L5-->Jl C_jj__j < n j ^ 

u „"f ,„j ^riL^L-4 4 _ aL-_ ? _j Lynn Margulis u ^i_Jj__>jL 5 (jrJ 4 j<jj_-^Vl 
cjI j L>L>JI Ji-b c____i>LjjjKJIj Ljjuj-^jl jll (jl j-j^j-j ^-111 4_i__jj__Vl 
<jJ->J1 ^Prokaryote L^-CSLJI ^ Lajjjl^. jjl_=c_13 4_j__j___>JI 4jj__M 
. <_>!",< tl I jla ^j___oj_-j __a ^1 ud h< _ Eukaryote 4 j £j n >JI 5ljDI ol j 

L* Ljj-piLJI^^Ij.! 3 JLC ^LoJul (j_o |*L_1 (_-jj_iij (j_4 l_jj_2lj La Jl Lo C_jjSLj 

(Jjj-Jo (j£.J . frL___Jl J^lj—C ^jL___J I ^j lt >U Cjlj J41 4 (j_y<3 LgJ-O J_T (_-_-» U 


. 4 j <ij n*- CjI j 4 ji-y. i*i>i tsy\ -_ ^Lse-4 ^j 53 A JSL_j cJ-aL£j CjLjjV| 

LLaj i j ^jl ^r--- fc -LJ1 jnt i 0j-£j Lo ^L^jj-M I j-_- (j, * m (____, ^JJ jlj Lc^aj 
___ f .j miTI (jlj *ljLx Ijjt Loj m-w jjlS Jj ^jcaII I ju_ <___ (j_J ^L^JI 
ol iUr ch^J -> j— m; jJI £-LojuVI j__ <^L_>Jl j j K\\ 4.* .-w- 

^ j ij tt 1 T (_£jj__jJI jjjLJl j j r rTiJjK (_yjJI Laju>.j CjI i j ^TI < a _ I ' ^" 

^ljJJI ^Ja ojlSj <jruvj * Ll^q J^LojJI <___ L>L_>J1 *j_- cjIju 1m ,V*> LL-ij 

tj_L__JI Jj ^ (j^it n i 0 irt tj (jjJLal i jL_>oVl J J_:L___Jl 3jJ Cjj_i_>»j 
4-jjIjjJ1 SjUll (____ m£j " j Lg-La J-uj plUr.) ___- 3j_L_ jJJ j j ■ i C_~e i i^l 
L5L>JI C_L>-j L_Ujuj i(jr__j_L_ll (jrO jl->Jl L_J_" (j^o lUjl^ (___- (_--J1 I fl i .t 

^Lj j _JI ^jryl j > L}LJ»JI o-jji L.g t; .^..n i-»JI jjL__JI 4___j c ___ 

l_t_4 (j mj t**t _jt 3j_jja C--j_l t Lj->> jj j j j T 1 (jrtJljJL) Julj (jAJ (jL^ O-^J jj U" T I j 
3_»l tl 4 4Uj ,,1) 4_Jjl 4 j ^ CjLuL-' dJj 

4lj.,„ <__]} J£ u ir>ojj L*>L>J1 ^nirtn _>! _*juJ_ <Multicellular L}L>JI 

Cjlj. j .4-4 ^Jb\ (j-4 <jL_j .__-_! 4jjj_4 c» j . V rtt 4 __>. jjLS ___ i'ito>") 1 1 JLjaj 
JjU"i H pJLc Jj_ aj Lc--J i L!VL_>JI jplj j1jjVl ^j i.i n"i CjI t o y _JI JLfl> 

cJ»L^ ^jJ 4ji Charles Dawkins jJ^j- JJjL-__3 u * j j UTI ^LJt__jVlj 

CjjL-i Cj- La L^LSJI CjLjj Ijjj (j>a CjL-j-4_aeja L^L>Jl djk-A CjL_j_v 
> U n 4 jjL_1j V (j^->J 1 _)l < t 4J tj^i^ V iTI J1 Jj— _j jfli a (jjj-U (___ 
.(^j_>>l CjLjjk ^j_a 4_ojjJo n 1j Lu L— _jI jjLjj 4J_Jj 4 j j j i T I J*lj-aJL 

1 1 rTt 4 ,4^4 I jlr ,Jj_>>lj *(jrt_u4 ^jOjjJ ^j i t rt"t i ^ jlf 4 jl^. (jJLl^- I jJ 

^L-_y m;j->»Ij t L4J j jo 4j Jj (j_>L>. ^ujjl tjj_>-lj 1 g ij 1 1 CjIj j . jfl>jjj_^ 

£jAL_jj jj ln"i 1 Lj . I j__A j . . , 4_£j^*JJ m^jJw 1 j 4_C LJL I J ^L_ jJ 1 4"i 4 % 4 (jrOijjj 

L>L>JI 3j.v t"i4 4U j.n ill cjI__L_JI i?ju- CjTju .jLl^JI u t j iUTI ^Li-jJ^I 

4 K mi mjt-^JI (jjLSU! ^Ut" ___^ *L__C.1j 4 m 1 n V"j 4 4 y . n il jjLa-JI _-- 
. *(_-__ J^ _-3j (j nnUTl (_--j 4 tjjUTI ___ 4Jj_v (j^a j j t " T I ^jLoj ^-j-- (^L-II 
Jjar < njj 5 jU V t 3 J— — i- j j t"ij 4_tL>J | ^3 j__i_>J I (j 1 * I Jlj_>- 4_ijlj q I i, <i -j La j 

*lj__i *4___u (___ jjju L_l Lljj -JJjj (3jj__?cj 3jU >■ L___j| ^LLa (___ oJJj J^ 
i4_j__ (j-u-u (j;jJI (jj-JI l^-aj uO«f-^' ^ " * j; jl 4_J_>JI ^--j m;jJL__JI 4"^; 

.4_1ajJ (___;j__j (jjl L3_> ^j_j-*JI (jL_ 1 jJ 


-SpcjJ' J-uMg 1-^117. jItII 


^-J-^Ij J-L-A ^-JJ jj__*__JIj i t fl < y ^ujUj (__J_ L}L>JI ,j--JtJ 

,i j . i dJjL-u ^l Ur 1 0 lr Sj-iLs S t _ t « C_VL__3t CjK i i» C_1j <— _ t r ^ r i j 

Lijj__>_)J l1i^L___C (jjj___ ___} Cj I Jljj t4 Uj *>JU 4 j n Jl l__JjJ«_J I -_j» (__ mi! o_"ij 

. 4 i.tiLJl ^tni» JjjJ- c-__>jJI *U1 __J_ 4_>1 j ,„TI Ltf_j__.L__i .1! 

LiiJj _____ Ijj <_-_-j *CjL_-_ ^ 4 % i } U\\ * hlc, ^--jL 4_j_>J1 l__L-jL_J1 CjIjuj 
4jj1 j (i mii^I j ^ijiUII l-j! V";')VLi jjU"Tl I JlA u \c Jjj 4 __i_i__J I j ijjlnTt 

^jj t~u 4jM.it l^j^j_ji j__- ^j>lji ^jU"m,.j ^jjtj j M,-^Vt (jji 

4 Uj i ii * (j-c LjL_>Jl J__L__1 Cj jJUljj CJ__ jjj 1 ji-Aj . ^3 j j T j ^ ^ Mij 4_j 5L_I 
i ^LjVI j_/3 1 jl>. j j i^ J*v l_j 4-$j1 mmo C-_l_> <j|j 1 4 n 1" V a JK m.Ij 3jl_j-4 ^-Jl 
l£ jJlj ,4_L>Jj _-jljjJI LijJI L4_L_j*jj lflUn-_j 4 njnU l_i__M_--I J-4-^o L^j£Lt 
LjJI I j__j .(jVI (_-J_- jj U~i T I 4 in 4 _>_- 4_i_) 4___L_t 4-LoL^ 4_a_~ 3jj-__a (jf>-fcJ 

4_U jn-ro Lajjjj ___JI sljJJI __- Chromosomes __t j - . jjJ- -__j 

1 aiy J--b p j - j-A (jjJI i j ir> r (____ 4__jL__ LAjjJlj <_--Jlj t 4_il_-Jl 
L^-Li-lj £_aLj_j (_____ ^Llj LoL-u 4 i^ m V "i <i CjL L^LJw L_jjJ (j V I j 

4 jl^Ttj ^Lc J< mM 4_t__.JL_>Jl 4_J_>JI _>__! *3j-<_L__ L__-U_>L_S LilJjLl L->J-_>.1 

cLit-_* jj[j J< m,j Embryonic stem cell 4 jiji>JI 4 jr j_->JI 

■ Urt*i -*-l 4jL-.I1 (j-aLs- -w»Ljj CjI j 0< j >> tL _JjV1 4___-5eJJI j U JL__u_>JI Lj/La- 
s*JJ 3jj U"i 1 1 __JjVI (J__jL_____>JI j-j-jSJI 1 fl j 4 (j-_ul i r> 5fcJ 4 mi niT 
Lj ^__>.jj t-^ptcCf> *3jjj o"ifl j_j£. J-L-J jl 4 i <r> i rt V*i a j-jjC. C-Jlj La jLLa 4B 

^Ut'i'4 t L_J_UJI i MM%. 1^1 j< J-j jL__J t> L-JI jn_)>Lo jn_i!>L- ^-Jl l__J_>JI ^1 

VI Tl CjLv.jJ ^-J-lI 4i^mV'ill Lj>L>J1 j^a \ , „ >JI 4_JJ ^l "i -r j La 
C-™L__ JL_ jij-~j 4 j i j i -»J I 4 j T j->Jl 4_J_>JI ^jL- lj-__bj . J/L_>Jl Jjj£-1__ _--Jlj 
1 ^"t miI t ^nl--- J__jj L^ mi o m. (- <jt j _)l Jjiij L^J__J . 4_>-j J-*£i1 (_-___ LbjjJU 
L-r in j j__5 1 (Jj->*l 4 j r ju>. 4_J__ JSL__ ^__ JL___>JI LLu L^j ^_j_-_J 4 j Mt jtl 
3jJ_-__> (_-_» 4jLj-_- 4 IjU L^j 1 U <l"i -r ^ _1____>JI JjUj (LLj j__Tlj Ij-4-_ J>U Ij 

^L__-_j La Jf. ^tU" m.U jjL-L u Uti Adult stem cell 4__JL 4_i__ jl_>. L>L>. 
_ ^UL-JI Jj-5j i__Uj ^ JjU't V ___Jj )3»L_>JI _;juo L>L- ^ 4_JI jl___>JI 
ir jJI .1 & jJI _l_jU1 (^l (j_l_OJ (^L^JI JSLcJI (jj - l>° 


jj_- 


j r"t^fl (j^o 4 «^j " " 4 n> *»-jjJU pljU^ CuJL>- dt^j xS 4 t j "n jj* 
L^>a j m-w Ji*. I J . U rt**i -n*' ^jJaj ^j-s 4 jr JL>J I 4_lL=hJ 1 j . 4_JjV I 4 Laj i njT 1 

L^Li*. ^jl ^J-ojM 1 jl"w I JU ^jjj ) Jl>lj j * "iTI ^juk J£ j-lud ^yl^. jjLS ^oLij^-jj 
La j-jJoL^J! i \ t n"w (jl£j t^jjl^JI a\ j>- jl Jba ^lr. 3j j "i^ ol^ jt "n j^SJ > i n ->JI 

.jjLsJI Sl' r 1 J rn-w ^j^s 5jj-i-o V) jJfc 

^cj i^Lc JSLlu 3Lp«Jl jLiii-J 4jjjJtajJ| SjJcaJJI ^jjJuLStJ »1 oJjJI ^jLs Lsj of j 
jjJojJJ ^ * j i In ^Lu I ti-^jl ^ lf. r> i r> "^"Tlj J n t "itl (jjj i "i i j ^j-^Lk '"JJ 
SLlS^-laIIj 4_ijI j<i j*\TI 4 «j iUTI ^^ic tjJJj ^ ^j-i.l o"n4 i U t j iUTI ujLit-jj^lj 

S ] ' ] aAJ>J\ c^jj ^ <liJjJI *UiSU 



(j-« £j_J (J^i^ — ° 4 iii (I ^ (j_-i J "i f?t __JL___ 

l_* L^ -,>jV! 4__>.j 5 , c_L_LS_J! 
^j <Unicellular -wlj 4 jl^ ^ Oj^j 

L_4 L__g_Laj t< <j ^j-Ul 4 U j i -J 4_j_>JI oL_jl__JI 
^-J! >j "it"tl 4_>-J~ 4_i_5 L}L>JI JJL-l ->LjJ 

L!>L__>JI Sj_jjl_j_j l_3j_j-" <__JI oL£L£J! ju^ 
^j o > Jj rtj 1 « I * .Multicellular 

(Jll-a ^J_J! (jL—jlj * , V j "i t " 1 1 4_>.j_i (_3 _jl_jLSJI 
^jja (J»J-=*J * * j n t" 1 1 lIjLwjj (_-J3jl (jlc £_i-_ lj 
(JL__jj L}L>J1 (j_-i £^jj ^yJijLa (jja J— — J> V > ii "v 

^(Jj j-^j * Luj 4_Ji- Y Y * (j_a j__.n L^jl 

, 1 j ~it~Jl 4_>-jj Jj-__3j (_!__ SjjLJI 4_a5LlH jjSsj 

LuQ J M ->J M^J rtlf £-Lj VI Jjfc Lo ■ L-t-1 m^l ^-Jj 

(__$ SlIjLcjII 4_±jjuajJ! L}L>JI (jrtJ^Laj (_--xj 0—- 
La (J-r m_jj < U <i " 1" 1 fllt *k j i4-^-tt «. ->J I (___jjj>o 
^ j i j >J I (J-a__. 3jl_g_jQ M^.t t ~u 4jljJu 4__jj___j jjJu 

(jl JU V (jL__J^/l (J-uo 1 j n t"i 1 1 (j_-i l ^j-j____ 4_>j_i ««Js^jlU j_- 

IjI ^j__ Vj < j__jl_ Vj u >J V ^>LjMJ- ,^^h*j1 


^j^ 


&lxJb <4_j__>. jj_Jjj_ 4_Lo j-__j jL____VI v i 4_ij_L11 L}L>JI _jl_. jl 1 iolr 
p V iMI ^LljJI I jla _-__ LLt ijJi-L2j jl £jJl__> __JJ ^Ll>o cjlj^LjjJI 

)(_)jijjLiil JSL» j_*__U 

.L*Jt«_-§§ ^ImJI j_* 

s 

i^LLjJI 4 j rtj^ 4JL__j 1j--J 4_La ^ jJI j*J ij ~>J1 jl ^^IjjJI l_j___J! j__ jrt < nll 
^Lj-JJ 4 j < nL-.Vl 3jl_-jJI ^^Jbj 1 4 j 1 -*»J I ____ p LLlII £<J_>.jj > . i , „ >J 1 jjk jL_jj_Jlj 
^LLjJI 3_L>.j j__ t Ju J_>J1 jl jjsoJI jl j 4 >» V I <-jj_aJ1 l_J__ Jjja Lol_o_ . pjfct II 

3^j_>JI ____ jj_"_1 ^j^JI __11 l_jjJ__- 1_L_ . Ijjj£ jl lj jti^ jl£* *lj__w __Lj_o 

__!J c_ijJ__ jJj tjL-je—«- Vl j-« L___ T Vl l__VI _>-4 jjCij 4_l <_jJl_>.jJ *(j «) 

t^JL-JI ____ L_cL_jj1 _-!_- _ I Lq_^jJ JL-_j ^jJJI L^_JLo ___ 3jL__t__J1 <_-^>j 

IjL^J 4j_4_JI ___ L>j_i- (j-j-- ^J J* \s> 4_jjL_j ol JL>.J j_- jLj__u Ll^j I l_» JL>.jJ 

J± ___o Lq_£ . jLL>VI *__>. 1____aj .4 jlr Lqj-Ij-j (jjJI ^jl^itH JjL-l-JI JSLiJl 

t 4_A>JI ___> 4_ajLJ1 4jJl_>.j i JL_U_o il___j_>o t^V irv jlj i^ ^L> tjj^l J irt nll 
* 3 ^ Uy> ^l >-^Lj I (j o > v jj jl 1l_jj_L_.Jj_L^Lj VI ^jJ V ___J1 l-Uj 
^JLtJl __JJ 4__jL>JI t__l im *i *sl J_____ jj>jjj . 4_-J_>J1 £j_) _j_j j " j ojj^J * 

Jji j-tj t j i n r j_)L_JI jj__J! __J_ Robert Hooke __jj_t> l_jjjj __jl__*jj_JI 

(_*-! — >Jl jj _Jl s-JJ^y i "JJ^ J ■ (J -v JJ 1 -L4J (K— J-b I J *i U 4_lj_____fJj___jj4J L_bTj _yQ 

4irt".M.l,l 3j jt .^kll 4_uLjJI l_jIjl_-jJI _-___. Cdl 4-aL>Jl ^l jiLlj '(jJjin tllj 
jj___JI 4-_j1_- _yo 4 j o i ii "II «jJJj I n" a tt-jj^ i iijj-SLjJLl l___>o tflj (j£jJ! ~-j niill 
jjL__ 4_JI fj\ _ya ^e-C-jJI _r^^ . (jJj^-^l j>__ Vjj_JLC 1 ^j 4 _j mj tj ___JI 3j_j_Ll_-JI 

Jiil lijUtj (jl jljl (4JI --,,„) 4JI VI 4 jL__- 5jl_-!j 4_Ji^ (jL____V1 Ji^ _-ic 

iL_jLjL_3LjjJ1j tLjj-±__J1 jryljii <?jj Ju jjjj (_;jJI t .1 nt II pLLjJI jjjl_9 4wo1, 1 V"j 1 nV 

.4_-j_L>Jl (j-- ^!>L__-i-l jjj i^j^tj j_J1j-3 j-o l__j1j_LII ___l__ ^j-_p_j Lo jl jj 
j-o c-__jj_j ______ __j_j t j j 1 *n ^jJj jjSLj ji l__5_j L r __jJLI v tU J^L>JL--_ 

___ -jljs 1 1 j->- , _ , l J_4 («j iLa Jo t > 4_Lo pj_>. J_^ J-jj (j-J-- LU j . LjL>JI 

.^jLj _>i_-juo J_L__ _-__ _^L__La _L___ <-JJj j-c g_ ij _ t _^L__U j-jl^-1 jl___>J1 

j t mi'i V ___Jlj t Jo «JJ 4_i_L^_JI 4J_____>JLl 1 (3jlr jJUj __jJ1 4 njUjJI 4J_>L_j ^_c.jj 
Jo tll j-o 4UjjJo 4 1 1 11L m JLjlj <'( -r Lj L$jI VI 1 1 ^ j lr _r__Jl Jj_-J J_>j____J L-^j 


_;j^» 


<_JjL_tJ ^jJI La l£j-- L>' UJ- i>^3 ^O^i 4__— t_) ^n-r ..hUj <j ^ "i U __cL_— »JI 

^U") V 4Jj g i nj j < >ij __J9 _j ii n i"l (j-—- __j_- . 4_j j > iVi Vj ^Jj <. LaL*j 1 ll-y I j 

SjuJLjJI luI jlg tTI J-a («XjJI _-l_ Sljufc uijLajj _jj__- t nj < j ■ miI _ J-LJ 
_Jj_jl__ I jjj ((jjLL-l <j-_ - Lgj ^j .. -s" V <JlL)p9 , V j n t"t l miI 0 L__ II J 4 i t .ViUj 
(_jj_c1 L_ £ Ldbj j t ii ^Jx _)__. j_u JJitJ Cjj x ni : Jj__uj ^jrAnj ^j (j--J j 1 t Lgj 
Jjj mU j iri t II £J_>.|J_ * J__ _JI j-L»- mtl ^ JLC _y_ j_u ^JLj j * <"i") IjujJ __J i n 
j_* V . .. y\\ _L_C Ltj . £Jj— <_J! J^O ~.IL l£LJL__j sl i>>rVl 4 j gj ^JL^kj Lq-£ 
_)-* l*jj>* L4I- J_* _$JJJ 'CJ-—^ I d 4_lJ^j_II *lj-->.Vl _>_« 4_C j _o .-c a 

l_-j___ ^jUTL-. < ______ I j 4jjIj <i~m<,-1 j ^l ~t Jl ___j t JLwu t_J "UaL-JI 4n jUjJI 

J4-J 4_uJojJI __3 t M~i^-j ^l jLs_a .4 iijUjJI _-£» j_-VI _>_. L$-* ^j-^ J_T l-___*j 

(>» J-LJj p>>- J--3 I jJ . L}L>JI JSLij t ,j<j3 ___> i l_3j_j jlj£1_JL 

L*}L>. _>_. J___< (j— jJ < nTi V> L5L>JI 4-_.j o ~r o jl 4_J_- (j-4 jj£_u j ir>r J£ 

jj-jJI __-Lj^ ijTI LjL_*_» jAj_4 c_jj . i T j . I a Lu L*jj3 \ Jj i j_>-VI j i^i t Tl 

oLLuo I 0 t j o -w J^>u 4_jl j C-^jJI ^-3 L^jSJj i L^L>JI (j-a J^j ^j-4 jJa_J L^j 

Lao_>o 4 j miLjCm Tl L>Lj>J! ^jla i\ $ jlr l-_j1 t"iU 4_^l_*JI ^LjiJ_JI L>L>. 
t ^ jJI L>U. 3 \ L^illl L>U. jl jJLI L>Uw 3 i jlj£JI L>U. ^ UL: t M"^: 
_ 4__J i.Un^ JS__JI ^-3 (j-cJ t__jLl>.VI Ijla ^jl jlu . IjlIaj ...^U__JI L>U- jl 

iLo j) \>\ r ^yS L» 4 jl^. __jIjjJI ^Lj_jJL_ .4_-t_4jj L_3>L__-t _ ^II 
j-__C _-9 mJj_-V| 4jl VlT ^pljjJI -^oLj-JI < M*i Vj (4____i j in tTI ___ __!>. 
L5L__ jAi_4-fl . 4 i ,i <\\ j ir^tTI ___ ^j-i^ I __JI 4_jj> _^4 LLp. I < nl^T-jj Jj ij_»J 

__l!1j t( j_Lj<[i.Tl L>L>. XV- Jicj __Ulj Beta- cell Luj ^L^SLlJ! 

-i-a_j_JI _>_. __jIjjJI I g ~-_aLj_i < I" 3cj ^ ^ InSlllin (JaJj___jV| oj-^j-- jj--* 

Alpha- cell L_Jl L>L>. SjjL_>^ I __j? 4 j ...Lj_-j Lj>L>. ___> ^IjjJI 

jij gj__ jj (i"t __— bj (_)jjLjj-__-jlJI Lj>L_Jv ;j_c /T '__^ 0 Jj_xj ___J1 

__jIjjJI -^_-iLj_tJI _>£. l_^jc_aLjsj ( n T. V j Lajjju ^--JIj iGlucagon ^j_wL_j__l 
L>L_ jj-a"/. \ V Jiu_ ___J1j Delta cell LJj u ^ ■ _) jJ-t 4_^Ljj__l L>UJ 
L___?_i L— jjju ___TI Somatostatin ( jOL__ j jjL--j_-- _)j_4jj-> jj__>j *(j-L_>^ i Jl 
jj___j (^Ijj_L_JI L^Liw t \ * _ \ 4 , ,..i> 4_LJLI PP L>L_>. _>^ U_ui 
.(PP) pancreatic polypeptide 4_ulujj_JI J__>-_JI jujlc L^L>__-j LLujjj 


*&jr.S?M'ft. i lfrll 


__j1 n uoljJLI __£ (jj_*j j mij - JJa ^ LLi^ L*__' . ^ * ->J1 ^j! ^JaljJlj 
_>__ (j_jLj_L_JI L!>L>. j j<p «L-sdL>- CjI o i nlj ^y? ^^IjJLtiL^ t< ju<Ljj^ _Jl L!>L>J 
L}L->JI 4-~jVl ^l-^^ 1 i ! «<H L>L->, J___« Uj__h_ 

I ^ i 4 JS> uL> ( n 1*i V" 1jl>Ij Laj L > i f l'*"Mi~ * L__j_S" j ^LJI 4-j--.Lj < ( ijll 
jj— <3_J ^-Ijl 1 <aJ T L*>4 > *>* "i <t 4 . i<Uj mj 1 — a i^-i (_--! j-Jv^| Cjl jj -w. {jc 

,t ^ ' J ^ V d j ~ a Tj * u *VI (jj-~j--fc l~jL_l_> LgjjJ (j j >■ I *"^j 1 1 1 

i£___jL__JI ^jJj_>JI jjclj ("n n Julj i"< n*i"-l (j-"->- J^Jj-JL l_jLx_l>JI uiilj ^aJLua 

tj*jJI _-J_ j*\ mi II 3 jLj (j___**_j cjIj! __} j! l_jLj1 n j *C (^l L_^j^Lj>. 1 <- ! jLJ_ 

_ (Jj--ll jj-3 jl <il"T1 _-j1j--> Jj-« _ L^t-L_i_j I (Jji- 4_-wL_J1 1_$j1 o < nljj Cj-a ■ l U i «-» I j 
4_*jL_ 5 j "i 1 1 1 1 L^jLjI jj* jl L^jI g i Jj (jl ciJJj) . L_bL_ul ^j-l*j Vj j-jt__3 V L4JL9 
j-L-JI _-___ l_3jLlj J-_JJ jf ^c-_L_u 3j n mi \. ( II 4*1 *-? 1 ^ Umi! ^L_____il (____ 

(_;! L_4~lj_j l_J_5 ^ J->ljJL I q -r «Lju (jj- __$] __LL_u V L^! « __j ,,, \ t juljJI 

_ (j-jJlj t (jnj j___J V 1 ^jiirt" i j-oG (_-_-!! CjI m ^Jl (_--_> L_A 4 j t >J-^J * "L-t->j_a 
L$J (jj^jJ i_£ I 1 4jL^jJI (j-j->- ( ~ i " n i r> j <"n « j_->- _-o_ > <~< <t mlU J_B _ Lj__?j L«_-T 

L5L> l_JL__ 4 i ii l___3jJ1 ^-J. !Jjl_-JL j-j-u_>J1 <_-_* 3_)j_>.j_« L___L_i (jjj t _j_>j 

-4_L- 4-4jL__JI 4JL_»jJ1 ^ juk lj_ij LgJ L! L^J Ll 4__uL_& ^iin") ^pJI « 1 "n n> 
j— aLj C-j-U (jr-Jlj - 1—^j1 g i-jIjj JLjljJi j__L_Jl CjL_jjj-_> j-JL__-l__j ~r 4 .^-J 
V jn" 3jL-__1 Lgjjt" jl _ (jJj Mi"tVl ^Lu l_jL_j_> J-4-C -_v0 ^jj-ljjJL) Jj^aj l_jI jj >■ 
j " j **■ * a t (j _a - " u J j "i ^ *i L-^j1 4 i nlj 4jL_3 iffcjJ1 (_-J- j-L-JI (_-__ SjLj (jC ^jl j " IL 
^j-A ^L-j Jj-_-j ^"i ~- i4__tL>J1 J>lj ^j-J-.! oL-ujj-j 1 ^ "i n " i*-* ( j_^_-__jjj 
(___*> (jJj inT_*l jt^ j i i n" l~j! 'm >■ (_--Aj * i V j i^*i rtll C_-u ^-JJ J i.ilinl (j-J- 3 j 1 jJl__V I 
4 <iUi- (__]_ LjjJI ii j 4 t^L-ojJI Jl i n" < y*-* J^j-Jj (_-J_ (j j£o ^--Jlj 3ljjJ1 l_J-3 
4_Li_b (_-J_ "TJ-=~-j "Lj-Jj iii il 4JL__j JJ-JI (j-ic j-u-bj 4 j"i1j-L> (jJj___uVl uLu^ 

tt jjj Mi*iVl (jOj^j *Lu ^jj jj-_J! (_-___ j * Lj_u 4 j1-> j_j!>Lj Min (j-JJ Jj_i_oj Lj 

(j-ujj--JI (_____juj (4-_Lj_^__4 ("i^ "nl Jl-SJ_ tj j irt j— u__Jl jj Jj_jjjjJI Lj l_Jj-sj 
4-Cjjjj t^-jJ1 (_--_ Jul jJl j< i nll j-is J^Ljujj ^ JJ__J1 (_---- j>-AJ ^£jA\j (( jr -_Jj___uVl 

.^J1 . . . 4 " IL-i-uJ "l 4 M () 4 (_y4JJ 1 A> V «JJ *(J--1Umi Mlj (J^JLj L*>L_>J1 (^-J-C 

4 ij * fl 4 njUj 4J j .^r J < *4 *^j__>-Vl *1 ir> rVl L-J*>L> J__i ^--Js I j ^ ^J 
i 4 ir> ua V"i o L jL> JL_> jj 4 ( u eu j______J I _--dj * 1 $ tc "_? J J L__uJ V 


(0aJlc96t±liJI 


^jjl^ i ^ ihtll OsLjJI 4 rij UjJI j-A *j>->- L^-lJ] J£jJ jj^t j j__ <>>tj 4 <a 
k_jL_i^____-."_M olut J£j . \ i m 3-11 4_aLjJI 4 ii j U jj I j—a tj-*J J^J- 4 <?JJ 

j-« 4 jl^ J£ ^ ^IjjJI -c_-U j_JI jjja i__iL_i }!____-. I VI ^--A L_a 4 5 j S <____ 


: J jJL c_-J--- j_ "i ili ij I Oj_jJ| j_jjSJ I ^j^jjjj j nll 4 4lj o-w 4Jj_Ld l_JLl__ 

4 j ^ dsl j_4 JJ-5j V j-Ti niijl jL. £_i__JLjj .«4__j»_l1! j-ja I j j "< ^ ^c-Al JLjJkJI jj» 

V Lo J>->- ■ fll A -J^l <_-__ j__J jJI JL_lj>JI 4 j o jj-jj jl jljjj 4___J i4Jaj_*ll 

_)JJL>. ^Lj jj_> _-JI 4 m ii *f TLj 4-jjIju _£_! -t_-__j1 ^-J-l L___j1jj~-J 4£jJu jl ^j U"i i n\ 
Lr^ L)5 L^J^' ^jjj-C lJjujI ^-J-L-- IjJ . j t ua II ^^-AuIILa CjIjjJ! j-a ^JL__j 
(jlUlj *L_Lt_-_i j__ (. i-r-^Tl ^inrtl jjt lJjljjI Lx-£> t (Y J_L_JI) _-!__ 4 n j>j 2j-L-j 

jl I tj LU u i i u-jj ^yl^- uJljjVI ^-Jl <__1j_J1 l_L>-jjj ^j^jj t t M"ilj ^kI jL_J1 

. LgjL j^ aj 4_iL>Jl 4j__L*j i * 1 1 ii <a _ LiLtJ ;4jjjJ1 j t «Vtj j-oJtJ 



(DNA i<_) >W l «.'--l-li ^j^-^yi is^ui 

jL___¥l 4jl^.lT fl__JI ^j-LM j_-*j (T) JS__JI 


^j^ 


jj_- ^Jww- 


oLw)< »Uj ^jJI jj~j i Cell membrane 4 jl VJ1 <J r„ r 4j1ju 

_r->- u-ul J-*--J Lo_£ 1_jJL>. L^J ^j"iJJ i j < >> 11 (j_4 LgjLj 4 lUn-tejj i4_jJ_>Jl 
*^ ' L^J-* l_LL_jj 4Joi i n i j ___jj__i o1j_*_>JIj iL_jlj->__~ (j_o LLjj (j^ajJ 
Jjjj-jJI ^jj» (ji"'1j o v (ji*i"i iU ___* J~i <i jj J-Aj t4 jl VlT ^LtJl J^ m.II _jUij m£ jJI 

4_jj I j i j j-jj_-j 4 ji aj cjLL>j-jw 4 i j^jj (J>-Ju tjj <i . .ij--JL jjJ__UI ^ipid 

oLjj^I J (j_pc _____> _Mj *U1j d j i-J 1 Jjj-*J -t^a i-uj l_jLIj_j 4_jj i4 j jj"jjjj 

<Jjj3 (j-« J-^J (3.' '" a (^-"J Lr^ 1 f * 4_J_>Jl Jj-lj (j-Jij (j-*> J-L-jJlj 

I fl >- flljjJ (j__J-CfcJJ l_£J i Uj ~cj ^-jJI T (j i ii _j 4 jl Vll (jjJJ ^-jljjJl -uaUj-JI _-_> 
Llil <j inlj j I i_j*>1 . et 1 i ii a 4 >Uni jjJs J<i s_j j^±)j 1* oij jl _£jl _$l (j-« 4jl j 

* jla . L_4j «Uj-_j (j-jJI 4 jl^H __]_- j 4 jir JjJ Receptors or Markers 

1 i j ? ^j-Uj *4_J_>JI £jj l_3^L_>.L iUn'^ (jjijJ L_kL_-*j Cj*jM j i n U j! CjI o < nljJI 
Lgjl LoJ^ *4 jl VII 4jj-4jJI 4jL>.jJI jl __j-LjJI 4J_>.j_* __a*>L___L < M*iVj ^JLI jj_j 
jj_>>j __J__ J Jo 4 ' j t c CjI n n.lj jj->.j _)1 Jj <4 jlVl! 4 jl^l jJI 4-lL>Jl (j-uSL«j 
)4 jlVtl lUj_~ _____ <Urt 3 j flUl q| 0 i „1 j eJL__ (jl jl i4 jl VJLi 4__J_C jl 3Lj->J1 
i"< i ii jl <. -jLloj-i ^j-jj 1 4_ji>J I ^lim jJjlj (j-jJI l-j j4 i a "t i ii I, I jl L-j| o MlljJI ^jub 
j j ir> fl (j^l t4J5> j-J=uJI j j i^>o (j$! *4_lL>JI j jirt a l-_j3jjj I ^jlr Jj t4 a ■ U n'^ 
(j_a 4j Laj ^jjj>JI cl mi*H (jt-C L-^jjjo J I 4 jl V"1 j_4J lJ-3j-jj Jj . 4-____j (jL_-jVI 
L*f> Jj n"i Mi IL_ . ^ ^ 4 jjt a 4jji>. ^jrij 4\j_u jl LjM->- (j-« 4J j_>. Lo j t_Jj*i i **t*i < n a 
4_tL>J1 S^-wLj Jjv1 jJL J i r>" j L__j1 j4_ t4 jl VT1 £jLi_J _ ^-.jI^JL^ _ J_i___j 

4jjIj hj<^ ^Ij__j cell signalling SjLiyi __:!_ u^j ^j^Lj-ijmU <___ 4j_L_>JLl 
_5 jJlj i L^j (j_»L>J1 J i *i" i JLL pT""l"i L^jlJe i4 j iu jUI it _jj_^_> jl 4^_uj_^_> jl 

J_L4JJ t|_jlM->j"n mll (j-Tj J iri" i ii 1 1 L^Ld i j n \ mi > H J jJb oljjiu 4_l3 l_J Jl>J JjJJL) 

jl UjL>JL I aUr jj i n cjLljj-j>. JMjW j-c Cascade J>L_J_i JL___iV1 1 jla 
Ji-ju (____>. i^jiu-jua J.mIih" (j__ Phosphorylation jj_i_uj-_JI <j£. L^Jl *^> ^ >l 
L_io>. ,j_Jl Transcriptional factors jc___J J-cl J-»-* dljjjl jl JL>- l_> j__J jj-a 
jl uh_>J1 <-.j (j-J| JjL_-)/1 Ji-jJ3j .^Lkl! L_j j m,j 4 jl VJI l-JLLs ^j_1j_>JI 

(j____j jSLj j— j ~J l_j_V 5tJ L_L_>J i AJl mjJI l ^ it jJUj Jlj^-j (j-jJ1 l_jL_j — >J1 

4JLt_jJ1 jJuj t 4 j"1jjl>. ^r". rt j b t LjJ1 ^j^. (j-sConrormational changes 

(jru JL___jV1 l-LA .4_L__3 Jj-^JI -_iJl_*j juIjJI jjjI ij _JI l j-^-ij t 4__- 4jj 1UU 


jL£ Lo lSI^JJI < . il^i ____» UjJI jruj - --- j-« ^j - ^ jl^H 

4ul__* edJju j_-_j (.t jj-. 4_iL>JI »1 n.r 1 gU^tj __-JI Cj>1 i nl .,iU VjJ ^Oj 

I juj iSj__jL_~ j j r 4__jjJ__u _£j__x _M , V (.1 ->JI L}L>. JfxJ 3jL_vl jjl 4_lL>JI J <n t 
j j__Jjjj 4uLU j_/a ^tn n < j V L_4Jj____j ^o-j!.. jL____il __ lf. jj-— ' 3 Jl_>J jjl 4__J_*JL___ 
t 4__ JL____>Jl ___ jjJlj Lo __i j__3 Sj___!jJI 4_tL>JI jl _£l t l m. -r\\ 4uj<_U 4 jl-- 
L}L>Jl Ju_o_>- jrL» C_VI u_ljVI 4<j nt Ct tn -Jj . JLuu. ill L^jL-Lo ___ 4_*jL_5 _-j*J 

jlu *ATP 4__L__LI 1 jj_( _?^^"im.I 4_iL>JI t kKj jJJj jl _] i^UjJI j_o Lcjj 

4__oL_*JI 4__-ijL___JI JJ*6J : Jl_>.|j _____ Jjj "*t -» jJ J-o_*J Jl_l__>JI Lj^L*- J___-_u 4ul 

c_VVI J-o-uu 1—4--" LcLoj . 4___> 1 1 1 1. — r- ^ T ^n_j j-oj j <>i t H ^j j-oj L_^jIj 4 jl V H 

CjWI C_J____> L_!j JlJ jL_ 4 » O i uJ Jj_jO-_>- ^jl II) j-J-4-_LjO j->J ^L__V 4_L__J__ ji. I 

.-=_jjJL1 _--U-JI 4 K j_j J_L-v>Jl j__l_l j-Aj : JLd-Ij ___9 JSJI L_JjJu l_1__J iSjjjjLLo 
Or L>. J^- . 4_jojLl_j 3j_>.jj ^___Lj _,__. 4_L*__;j JL___>JI J___. 4_jL__u _____ jJlj 
JuV ^___u j_-bj t ( j__j__-i _»L__o l_1__ C_jJl>- )S Lo 4_o Jl_> _>---j j-o C_j__. j I 4_±L>. 
,4 .* r n _____ 4_iL>, jj_Jjj_ 4jIII j_4 4 m. fl> Jua C_VjL___o JL-u _JJl__j 4ul ^Jjlj j t 
»1 m. r _jjj-- ___JI l-j*>I t n"i M. 1,1 0jut> ___Lc Jjo_-j Ljj___t 4jjJ_ f l ^j o jL_5 I jJ 
.4uL>Jl J_kb jjjjl3 _jIjl_-I ^l JjVl j-ji-JI ^ .4_A_>JI 
3j ii " i ii A 3l jJJI j-j-Sj <"i j^- I J 9 ___ L-_j^--ijj 4u_L>JI J_-Ju 5j j j_? 3j-_L_bj 

»j i>i< 4__LA__ 4J>L__ _j1 j ^n^y ill 4__JL__ 5 jj,t"i 4jj__* ^j iNucleus 

JJ-JU ijljL-Loj j J__u Lj 4_jj 4____j__5j jJL>- CjI j _-J-J nn mU ju3__JI 

j____jj . 4K (jj i ii -J l ^jjL__JI __Ja J_il____j __Lc.Ij _---c5j ^J___l >--*jj L-^__>s 

(Ju 4uJ_>Jl ____» J__a__ (j-uJ _-->- £(_£>>■ L_4__>-lj (jj>-*-* L^- 1 ^ (J- 4 SljjJI 4 j<i 

t 4_j_3ljjj| 3_UI ^j DNA LjJI ^_5>uw I <jl^l_. (_?j->-3 L_^J>| ( 4__" jj---' cr- 
Jj-*! c-jjJU j-- t> ) Mi 1 1 j\j*>L jlLo L_j^L>- _--JIj (4_L-)L__' 4jL_-jJI L^j _-__JI 
I juj iCjLaj U o H !j_£j_4 -c_ju____u l__U_jlj SljjJlj . jjlii j_c jjL_T j_o ^j i^ol L_ul 
VI j_ij iii II I jm>j L-3j M.H I _____ 3l j_JI J_u ^Jj i^c-C-^JIj 3jb>U j-_j_j3 _, ^ > 

j_» _jt i tnl Ij * I j i i i r> 1 "\ cr-- 2, <^ -u _J_J \ » £jj_» jL--U V I _--3j ■ L_£J « L jJ I » -5j->- JJ 

_ (j>><i -»J1 4 j lr t__3j_iL. Histone jj "m j a _^ ^ j j-^jj-J! ^-.j ^ jOjjj 
_ LjJI j_o ~*j-ij-« ' Uj V. j__bj i j__t____j VI ^jj-i-o (_;jj_JI j_jjjJI _>__4_>. j-Aj 

j I j-i-ljJlj 4 i \ t s> 4_l_ jj 3j£o JjjJs l_jj_JI 4_TL_>. < Uj-- ( nlj I o l**i <t LxLcu 


lt^ J^-^ («J ur^li - ^tH*^ 4 _J_>JI ^ (jjSL £J-ljJU «^jLjjJI » J^ljJkJI 

i ^j) n\ a ^jXa ' w .' ' " ' ^Lstjji 4JL>. (jj^L _ JL-u m n t^M jljJo 1 ^j^o jjJo 

4tU^ 1 *i ij>. jA t ( 4_l3 j jj I < Uj ~kjM 3j__L) j I (jJj"' '"JgH J/Ujj__JI SjUliJ 
^ 4 i Un< jl ^ L<__->J1 <__Ja l_J \ , u y l£1Jjl_jJ OjI Lg__4j V" < -J ^-jjl "eijlH" 
4 ^^UTl 4 jr a I ( "ijhi" CtktW o Um l g,a J V" i nl ^^UI (<^jjjj-«jJV| i M Ij i <d) 
l1\-_)jJI ^yja l g i^ ! -»L>ol J-i <__--i 3j " t j a j a jj I i ~i a 4_jj "1 a L$J_i I j_lo f JJl-U ^^jJIj 
^jjjJj>JI «^jljjJI )> ( In j ^kJI I ^l"i a LsLojj (L_JL_L!I ^JI 3jl___j 4£L>I mi"i <q 4 m ii ) 
(Uj i u \ II (jj-jj"' JflH (Jnjjj-J I < . il n \ i ]n j">j^o 4 r^l t j i^i"jgj i 1 1 Cuu c t^j jjJLI 
4JL__- 4-jl JLu . j jU^ jl">j jjjJLo I j I <X~r<» I JLj, 1 LLLlJjI ^ij i^ll 
jm^ l"ij i Lg i ii n t Cj\ j i t tr\W 1 4 1 1 t^l m rtiVl jji-> 4__lL>JI <Jj_j>. J 
jjJo J_l_>.jJL! I jl JulLljjI ^yjj" i ii g II (jnjjj-JL jin" l*i j (4_jjLjJI JjljjJI 

J< __JI (^js UljJ U£ iMetaphase ^lj___-.VI jjl-JI u 1 ■ ..j 
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^jjbj <j » i tsj t"V jJwu Uaj . 5 i j ni ^yia Karyotype - (j i ■ ■ n T 1 < V-> o ■ 11 <jy±j (Y*) JSLiJJl 

^ DJJ_>J_4 DNA kjjJt JipU JrUJ^J j-C SjLjlC ^yAj ^LjjMJ L^JLJjJo ^ "f| mi a 
jL-uJ^I lm> ^yii 4_uJ>» jj-d_)j-J AjLII J»4 4_i_L> JS SljJ 


(JjJa^Jl ;l JLj>JI Cjlj 4jjJL_JI JiLa LjUj 4_>j_>a 4JL>- ^-J- ^jmj t" lJJJju dljjjlj 

Jt iiil L^1vIj jt i ,^Tlj )(j>ijjll JVj ^,- 5 £JL>*-*' *Lll-> J-L--J 4___uJ.1j l£>--1 

-JJlJ £__IjJI ^ Lx>_> 4_u}__JI LajLajI 4jjj LJ <-.t j"i! jJj > Lfeikl j-j£Vl « mi^JI 
1 1 gjl*T i/i uLs&j 4jj__- i 4 j i . .."i 4jj->- ^^yS 4 rilt 4 j>£J 4__j_-t_La 4_-_jL__ Jj j"n V 

l—_ji t>uv <___! ^jj "j i u II ^ U Uj urtSu iii U jj-w--- 2L_£L__ L^jLS j-*-pj 
• <j^->-j o2j J_> (___! »_jljJLI l__VI l__*_*I 5j j",XT1 ■ u ; Tl J-slj-c _ul <iUIT ^J&j tTi 

j-a 4Lo--kj L_*j Jit-JJ V Jj 1 *riT j t Lg-iiJoJ ^j-o Jjl m a (__£! L_n_-lj jj--"» L-$Jl (_£l 
4JL__jJ1 ^Utjj l__>.j _-J- (ji"lj a^TI 4_jjJjJUw LjJI *(_£j_>- ^" njj tLuLajlt a 

. J^__ujJI Lj 3jj___> __J_ 4_l___>JI 

cjJlA ____ 4 11 1 n*ifl 4JL__jJI £j-3t- i(j_»l_-» (jOjj-u 3 r U j U SljJjl l_j j-_j j>>aj 
(3^J cr^ O " 0 " ^ cr^J *3jL__. 4__jJ __J_ _»^__*_>. (j-« ^j-itj (j->* jl t *"TL_T 

Rougha;.-;. kJI ji 4 , , 4_^__oj>L,jjl J VI a<, __J1 J>L_^ 1 6 
j j t^[\ r,j ^ L_$jJ ^jjLj" j ,.,!! <_JJendoplasmic reticulum 

J->J J L^-jj n __ < i 1 1*1" j lj— 2u tSj >. nNj t ", 1 JLl *J_Ju LiLJjj 4 j ,1 a i^j_j__»_II 

*/i *j «Ljj)) YA * (j_« jj<" 3 j j t is> l-jIj ,rt r ^--aj Ribosomes ^j___j-ljjJ1 
(j_« jij£vj_j (^jJJI uL_LJjk LjA__*Jl ____ Ltt_£> j)L__j^l (____ LjjJlj iH^j-ujju» 

LjjJl I ^ n nl"n ^j^Lj ", j m.TI (__JI 4JL-__jJI Jj_i_oj Jj as «a > > -^Jh- 8 ! 4-jujI 

1 A.y t > 1 ^ 1 uL-jl 1 U rr", l"i (j! JjJs _ L^______l_5_jj L^_L_-v4jj rRNA ( b __4j-_^jujjJ1 

^J-^' UJ^di 1 1 . * J '^*J j*- 1 ! j , ", ^ ______> _ 3lj_JI Ji-lj ^j-A L-£j j_flj 

4j;j^Vl (j_3_A_vVl _-_aj *l__JI oLlJ ^j_^jjjjJI (^Jj J_»__- jl- tRNA JiLJI 

(_-l_- 4_Lo 4_AJJ_- u 3 J U 1 Jj__a__4J L-bj t 5_J t^-j^Lj" J , riTI »1 111% ___3 3j m,"*I,1 

(_____>. ( j\jjj__J1 tLli 3jl_>-j ^ jl < .1 " > djl____Vl 1 j U "i \ a < nnjj t4JL__jJI lu3jj_j-. 
cr^ 5 J— J-^£p ' LjJ! IJL-u l_t__j . 1 w t ,rtj < U , irJLi ^jul (___q j-_-u j_jjjJ 1 _j i Vj 

_$jJ1 ^Li_JL_> LqL«j 4 j M o- 1 ! ^Lo-j-. (_>_> « UjjjJJI (___! 3jL__>Jl 4 "i ; j < Lu 
4JL___yjJI c_jj_-_ jVI j . J_L_JI 0 n >l cLJ-JI L_a (jL_- jlj i^LuJI <_-1»jj ^ ; n 

— £ t Jj___!jjj = (_£ t(jLuJI =l) 4_jjjjl 4_4jl j o j ^ __£tjj__- _)j__j__a (j^a l_Jj_>.j 
(___* (j^t i t 1 _ , r> 1 1 4 U nj-4 4 jm aj (j-_l a __J J (j>jjj"j m = (j-u ijrtuljjw 
____t_a CjI J ^iloj 4J_ji__ ol ij j mi"j __jLbL__-Jj l_jIjjj->u JL-J *4j LjJJjJ 4l mli ii 
jl d > t-Jjl ,mjj . 1 0 jTl 4_>-___>Jl JL__il __J_ t V ... -^TI jj_-j 4_____J_>j ol jj 


2L<j_l 


^L_>JI jl_JjJI jOj^-JI « mi 4 jlo r __<- Golgi apparatus ^^Jj-^ 
_--J L—4] o ->J1 julj t(jj__jJI Jjj___ (___> -djL__-j l_4_£ LjoL*j c4_lj, t g*"j 

^-J) £-_LStJ ^j-a ^-Jl 4^1^11 £jL- ljjju_-u __£J Lajj 4_Ji_JI ___> Ijiuj 
*L_fcj| _-_- jj— ^ Lu_J t^Jj 4___LI_» __JJ ~> -kj 4-Zul __JI CjI jln «Tl (J_J 
cJaJSjl jl -__JjL>u CjI J » I j _*J I 4_l__u 5j j * m ol 0 j m\ 4_J_>JI j-j^Lj"; j , n 

cr*3 . Mitochondria LjjjujSj mII jl __l, v __ll _,o ..." Sj j"i< 4_Ji_1j 
jj-£jL>JI -uLJuj__w L_^j Jj__J_jj u£-^e_- __^jVl cjIjju ,'ImhT» ^l 4___L__JI 

jjJu ___J1 -u}L_-__--J1 ^J-uua I gjTj £-__*- _--J1 4__L__J1 -JJ jj ~i n j t ^l j «Jlj 
ijt |_i__-.Vl L-Jii ^Ja »1 j o j<TIj »Lj j rtTI _j_ul ju3 __Uju 4 "i jU c <4 j LsJl ___> 
4__>1 UU L^>-L__L L$_J jj l4"i otVtt <_-£j1j 4_L_)1j_S ^Ur I ____ _)j<ll 4_jL__-j 

4-,lUM 1 <fn" mii i?L>ul (__<_ l^j___ij L^jj jj 4jj V , ,<H Lj i^Lo>U sLpJI jJsju 

jjJu I fl"j*"' <m"iJ 4__>LL_JI JLjJjj (j_J Laj i4jjjj___> 4_>ojV l_^L-.L_j _-J- Lu_ul 
£j_1_»J1 j-4--u __U_U _-Jbj *3L_>J1 Ju_S 0 lr 4_J_>JI 0 n n j __j^L_|___Jl 4 1 -rr 
OiJjJI _-i>J L__ul -JJju _-___) *4jjIj_>JI Kj^LujJJ _-jl_J1 _)jjL-_J ^j-___>Jlj 
jj__>1 j-jjj~ J--*-J 4__»L__J1 ("r"i __j j_d JUjJ _£l iL_ujj__ljyi _ya -Ljjj 4 i m n*i 

j-jlx>J j__La L__ut L^JSJj 4 ______ ~__LL-JJ L jjlj <"i i iijT Lj _u jf* j*i j.1 1 j « glj**n u\ 

^-jJI L-tl ij ->JI (j_« I oo a 1jjl__ (_£j--6j tMinimal genome 1_l_>. j j t 

UIjj- L_-f 4 irt^t J_>- jj 3j_jJu__J1 c-j j wy T I <? j-_ (_-__B V I 4_j__ujj L_b j, t m ^ 
4_jJ_>J1 ^l i ii n 'ilib 4 o fl 4 l-jI jUf _____ 5j Uj i iiTI (___- ^_*L__j Ljj Jj j£j ~ j 1 1 ^ 

Apoptosis jvjj — JLI 1 a~j_ 4j Jj t L_-jjL4-j Lbj_4M __!__ 3j Uj __Jlj 

^j-Sj Microfilaments 4____j___j 4 jijijju j_>j j ^ jl_>.jj ^j>Lj " j ,nTLj 
I j__Tj .jL-^--« j j r. L-uL 4__J_>JI J< j<t |*1j-i (_-J_- J_>l ii -kTI (___. 5j__cL__JLL 
j iVin ^L_jjj> ^mn,i4 -hHjU.ii? ^-j-j Microtubules "__j_ijJ1 ( ,jtUVl 

Ij^J ^JjJJ t4_j_L>JI Jiwl j JjaJJl uLk- ____ Jucl __jj t 4_J_>J1 _jl-u> ^-il 
4 jl o f (___3 ^_bL-jj 3j_j-_. ^j_>- (_-__ -^o Tr"n L^jI L_4_i i4_J_>J1 JSL4J 1 j 0 jr Ju 
(___ L-^j 4_j_L>J1 (jl__ (j-sj _*! ^Um ____ j____>J1 JiLa . 4__uL>JI ^-1 1 n i*nl ^i j U n 

t Vesicles -u^L-__j^_- ,<r\ ~jj,v"i ...o __jIj_s___ ji >--->- ^-Ai-ljJI L_jIj_>. 

«:lj-_Jl __J_-jj_>- ~j_x__L?e_-j 1 \ j ir> ___ft 1 ^~ nj U j 4_>.j jj_i5 4 j mi r 1 dllj __-_J 
« fc ij ^jMuj-i j mll J_>.lj (__JJ L6___>L-jI <oj .4 jl^TI ^jL__w ^-_a__>JI 3j j ,< 


^j^ 


lyJlcgNjl^ll 


[lijSi L*£ _ Jj Vr> _jl __U .2uL>JLj 4jjj_>JI _jLJ_«_-J1 ___ \$)a _L_l__u 

fr_-_JI _>^uJI jVj j-lj_2 4 > i\> 4oJJ_Jl Ji_1_ ____ ___JI __1_jS_U j-lj_3 _jl _ Jj_) 

^ljJJI 1 Jl_> *_L_____»J La_|_a IjjJ (^_J3 4_j__uJJ1 _jL_j3j^jJIj )*LIL _____>JL1 

__£> 4jj__ l -rjj .4 j1Vl! ^y-LuJI JSL4JI _LL_Li_ ______ L___jI J___iL*j ^jJI 

iJi-1jJ1 _>>aj £jL>JI _>-4 1 3 jlf -___ljJI J___-__J1 JdQ_5t_u ____" 4-_i__>JL_ 4j jj-4 

4j ^ , ,y, V ___lj o--^! Lj l_J_-1_ __J_ J£ . 3L_ckJ1 ,nj Jj 
__jbj t Lysosomes 4JUJI f>l ,.,>_M L__ui ^j>Lj"j -Jl ^ j3L_3 . J>LL)/I 

1 j__j i4_jjJ_>J! (j__u_M oL__l___a p i ri _ft i^___-^Jl 1 0 j <i j La j 3j j t , ^\ tny\ 
iCj^A irna_>Jl ___3 £jL>JI _>_a 4— J_>J! C__L>. J _-jJ1 >_))! innllj LL_uJ1 jj_____j 
_-JJ ~jit j 5, 1 jn o 4 Itm , 11 1 oLSj_« __JI j__}_^>JI J_j_>uj *LgJja 4_J_*J1 jjfllVij 

3jujl>. ^Lj j1j-_? ^j5Lj_j__J1 

jl t3jL_-j ___ 1 t j <i> J4 tl _--Aj t4_jl_*Jl <__Lj_La ^Jt I L_jj__j (___- _» Ju5a 
tjj__* J_J 4_jjj__*J1 ___iL_>jJI ^j t\ y _)J (__o_- ,3jl_-.Ij 3j__J C-_>*j _j_l u ' * 
^_x_3t_-j jiilo _____ 1 0 J__jJ 4_jj_4_ 4_____%_4-_T Lt - 4j1 gjjl (___a ^ *i ~i Vi 
(3_tj 4_j_L-Jl Lgj ^J-OJ LaLoj 3_J_5t_a 4___J_j_> 4j1 gjjl ^-B j ^ L j t( j-_jl i" aj 

_1 (^pljjJI L^_*-jjLj_J ^LJI J_L__I1 (jjL>o -JJju _--Aj .«L^jl-LojBj L^__jj 
3 j_L_JLl ^1j^!AJ (^-KJl ^jj^Jl VJ Ljjb L_ r jl^>J1 ^ <J__>J1 4JL_, jJI ol 

0_d>^__>.Vlj ,3j_>.lj 4 jUj ^-Jb 4_ul_|_J! \ $~\ uLa> 4 ^ j _h _-!__ 4_j3 

(jp_>.IjJ1 __-j_ij-_J1 i-JJ->- ljL_*. 4 Uj l-j uli^l ^l ^j-i-lj 4_jJ__ (j_u 

jl LjjJljj_-j "t j o L-^j _>ujJ ^L-a-j» 4_jj1j_j__- 4_jJ_- JLjwjj 5L_) (L_^jLj__I 
___ JujL3t_JLj iSljjJI J->-l_ U>^_? L/ «^J^^JI ^M_i-V! _>--J ,__Laj__jjjj 
^-A L-M " VI _>_jJ jj-J .(^IjjJ! J-*Lj_J1 ,___ 1jUJL_>u j___Tlj 4_u1jjJ1 3jUI 
3jLJJ 4_jjjj _M ___jj_>J1 J__J j I 4_L_>. jj_jjjj 1 j I 4__jjjjVi JLc;lj___JI l__jjjj 
Jl>.jj MJLc^ it-j_jj_>J1 JL-^J J_<__JI 4jj_>- ___. L__4iL__>-1 jj_ Ls jJL_u i4jjljjJ1 
_ Luj__j _ uiijj— >J1 ->___- (4_u1jjJI 3_LoJJ __Jj_>. l__J 1 LojLoj (j^j^L 4j^_j 
_,_- ___jj__>Jl tfju- _>>a 4jj_>. ^ J o tj (_; jJI _>_-J 14_jL>. J_^ (____ 3jl__>-1j 
JL_1jj / Y *^ Tissue specific (TS) genes 4 h t j J i ii M 4____>L_>JI L_jL_j_>JI 
L^L_>- J_" __Ja 3jj_>.j_a ^---j toL_j-j*_U ^-i-JI ^j_^>JL! _>>a * j— L-^jJ 
,*_Jl_j_ Lo l_JIj__I Loj t (_JLLA J o t" Vj La J« *j 1 ^ISLJ i i ... -*J1 4 7- 


s 

>",U hj I fl U t a Oo ...1U JL-__J_ * Jo-t!l ___i 4_Jj-j>JI >'l V ___* l_JU__ 

<_,-$-_ iLa l_JJ_» _>_- Jl j , mM 4-4jL__JI l__IjL__.VI l_£J <-.qU" II 1 jL_i 1 1 fl ~ n j U j 

r J TT "i t _J Vj J) la-tl V frL__J__-- i J l r^l JJ V frl J fl T t^Q l il" V frl o.irv j % \ j ^ 

_ya j^L» J_L_J1 11__> * La>j j J___j L^J *1 t -Vl 4_J_w 

_j^i -«^y- I j 1 <j 3- U i n o^SLjj ij*L_ua J___J1 4_JjJ_> lJJ--' U^ 1 (jr^JJ-^ ^oLj-Jl 

_jLJT jl>.jj 1 ^ I I j j i^j^al nVi«_fl ^U m 3 jLj __L c- J-c-aj l_iL_L__J1j -JLiljjj 

^jub J£-_ .4_JLJl L^L>J1 (__Jl d^Jj-4J <j n"i o 1 1 j*L__J1 j-a J^oLajj a 

VjJ _£3 4jj_ai LM-JkJL L>L>J1 *:__. _-«,..'> ImU> ^UI _--_! .^^J1 

<jjj J.« tll LUj j-^l _--Jlj *pl t aVL 4 .r>L>Jl 4j1II ___ 3j nnll Cjlij^Tl 

_, lt <t 1 J . 4 j M j 1 1 Ol^JjJJj Cj IjL_-^1 J rn ill dli ij I ^J flLte_a (j_q Lti J J r 
-_jL__l_»J1 jl JL-U i4jLaLtJ1 oL-i>Jl JJL>. _jjJ! j_> 4_lL>JI J___. (j__J 4_if jj>-T 
<^_J1j t 4 njUjlJj -rj mi)U ^Mll J< __J1 In .... a __OJL_- (-jJI ^__> 4_ULxJ1 
tlU J_f ^J I . 4 \ j i II J irth \ oLlj_>J 1 j_j_aLje-a L_bju__ £_ Cjj j" VI LAjjJu 

t V U j j <j U n M JJLstJLI j_fe — _«Lj-J1 (jjl . 4"i*j J ____j-__i _>J j_t> ^j * j -+* 1 1 (jl 

4-____jj_-J 1 ___i c < > Lf> jl jl-Lc L_^jL_«jj Jj L_^jL_Laj 4 jl ->J1 j^j-^ ^jl j_-I^J1j 
« jL-Laj» __> iLjJI ^.i-- 4__5t_jaj_J1 aljt ^jIdj-3 ^jJI Zygote 4________>JL I 

jLajJI j-C (jL-JLl J m ia JL_wf -^jU" <-uJ Vj *^j_i__i_- 4 j q J j LLA mimT 

4__*_Jiiyi 4 LJ ,„ 111 cj!jl->.V1j 1jl_3. j£LJLI ^ij i^JI ^L-UII jlU__3 .IjuI 

t( jV1 4 jlr (__-_> l o j j-So jl ^-Jl 4-jj) JLI 4__j_L>JL j__5Juj iUUVl jg \y \\ 

jlSLlL 3jjJL_*-jO L_iJj ^JA ^yjb J * La j - -r a JJL-U jJI Lfcj iina ^-Jl I fl t ><g ) JU 

(j-^Lu jl . Jj-Ls Lj__ii L*__* t jl_>Ij jT (___& 4___j_>JLI 4 j j j 1 1 j jLojJlj 

j^-A 4_Lj ^-j. La 4 jl^ j-tj^J t^l .i.n^VI j_x L^L>J1 4j>1j]j ljl>- j <-i 1 1 j-yi_>Jl 
(___-J L_j_J 4jtj_JU 4Jj_> j_>a 4 n 1 1 1 4-3t_1j ^ jo-l>J 1 ^"i m.1 ^/-^--J *(j>>_J' 4jj___>a 

( j___-___3t_jJ 1 ^ljU (_--Jj tjl J J VV1 I f 1 1"j 0 J ^oJ i4jJ_4L_4 4__JJ_- _-J1 (j_______it__U 

I rijUj 1 4 jl n t o JU I j j Cj 1 j t 4_js_-xi j_J 1 4jj t 4 4 jl - -i irt I j i lj___ Luo 
JjjJ_JI pl.t oVl jljL>. L>L>JI _va L-^j1j-_-I j_4 ('.K.n i»1 j ttl (j-al inl al 
^l jutJJ (j_oj-A-_JLI -r Um.11 j_c L_ilju I JU^Ja i 3j j '<< ! I CjLal n"i!V1 1 j -;j t ~i1 
ajL_JI .IjOJI 4-lCjj (jl Jj (U n*^ I jut (jj-Jj . ( j__»L-___ua'MJ j-_sL>Jlj ^j >r>^U 

___JI l_jL-l_»JI 4__j_4-*-« jjl> ^jJI j_4> t 3jiL.t1 4jj__L-JI jLU Sjl-JLI (jJJ 


I JulII 4 t j t Uj 4 jr jj j_>a cJljSJlII l_jLoj_Lq Sjl-JU ^tnt" ^^£11 J o t*"i j Vi j? 
(^j__%JL!l ^ju__-$j l_jL_jL_? ^Jl o "i m 3 JL_jlJLI 0JLA (jl jj 4j I (—Ijlaj , t w nL-UI 

L-b t ^ j U I p i^i rt> jj-. 4Jj j iii 11 oLLjj>J1 L$jj1 Lu4> : (jU jLU (j^jLLj Y>, i ir 

^j.in miII^ ^-jiijjlj iL-Jjj^Li t3>* lV° U"yjL>-^' ^d-o^LLa ( _ . i rt nj lj cLjU I (_____ 
L_jL*jjjl jlj__5l 4 ri j Ujj (jr^jJ^J *l_1j^Lj (j i n V " a j j r ^jij v l-Jj3 
jLa *CjLjLjJJI (j-1-*I jj-js (jt-**-^ j^i^JI ^j—b (j[j . ^ j tt 1 1 4 o i>»LA i— )ljl <nr j 
j I JL>Jl ^3 \ $ jlr t . i ~rj CjLjLjuJI ^i>><ti jX. 4Jjj mll CjI ij ->JI 4_Cj ,o ~r a 
4-__>L>. -jlj-AJ Cjljl i^>r jj-OJ (jjSJ Ja-jJjj i^ML (jja L^— —I ,Jj-* L* t * 1 a\ 
L^JUJI l^u! ,Mjlr c__~j Lo_T ^UJI 4_*_,L_Jt ^LJ^Ij jjJj jI.imU jj,„<-,t 

J^LJj f jLUI ^^JI ^>L-_jj ^Mj ^SJ ,'1K m. j^ ^j-jJ- 0» ^jjJI 
c_jl_£ jlj iCji m ->JI r j jl j " _* JjVl cJj^Jtl <___& 5 \ \ J I (jLa IuSLaj 

j»j__jj>Jl (^jB -J-*-j>>« J£ jjj . J___1L £-Jjj_M J£ Lg-La l_j_>-j-« 3^j_>-Vl 

LjjJI Ul_> i jl j_s-VI cf>- J 4-l.lJI l_pjl ^ljlr Laj J£" ^jL 4 4jIjlJI JlLc 

j_U__j l_3jj_c__C cr- 3- ^* J- - -" cr^ 4_*jL_< I j > jJ J f-JI JK <*M J_? (_-j| JL 1 (___* 

Lu4> 3j Mi"<*/Q 4_4_fSj_>. Cji 4jU" 4 \ i&> (_-ic 3jj->^J_4 (j-JJ-) ^n^lt i"ij V tol <jK 

(j_z _ ^jjjj i Vi ji ja (j-jji j itj L-« (j^Jj tExons cjUj->.j V $ l_JL_aj 

(^-Jjj-Ljjj I jl_ja _ (__Jjjv jja 4_jj^jL>JIj 4 j 1 j j II Jl)ljL_i>*Vlj CjIjjjJLI ^jjjJo 

^cJjiji jjj itjJJ j_5C L__j_i (j^LjiCjj L^^-->- ^J-^j' u^- 9 t^j-j 5(jj__^1 jjt Ja_i rr>*L 
lV c^>* u?* Lj>U- cJ£C t_Ji5 L>L>. ^jjjI jlj t _dJ j_? c-_i_C j^S L>L>. 

l-JJ-JI 4j ^OjI OjSO-u-j 1 JS o L_cUj 4___L i> l_JI 4j l-ILj at Ll L>L-_>Jl 
l^-jl ij"*- (jyO */ \ * Jjt J-J mJj__u llLA j ri K j jJj tjL__-.*-*lj 
^j-ju (j-^-i) t^j-Li-J>JI (j-a * L_uj__oj Jj-4j (j--Jlj j^j-J"-^! l_jLu__*JI Lal 

4Jj_Uj Housekeeping (HK) genes 4_Ji-JI jjj---J 5jjjJI cjlij ^tL 

CjL_l_v j_d> l_L_> \ j iutlj - I A,.V j iii i~, j i j— Jsl jjJJ (j-jJI SjjbUI < " i j i 1 1 4jj 
4__j_>JL Ij->sLc L>- j "i n fl <"m Jl jJJ Ju iliiiTl _ 4jUI ^-3 5j mi 1 1 1 ( j-__v__3t__ I 
l_jL_4_>JI ^jja t_ajj t"tl I JlA j j tj jl J_j-_J9 VI jl (j__j_JI \J>J~13 • 3Lj_>JL Lj-jLs 
4_jJL>JI ^L-j (jlc 4lVqL>JU jl 4-j| j ,ntl LjI ij (^JJ 4 jl^JI jjj t SjjjJLI 

jl_l_3 ^-k. 4 jl^tl t L-_» (j£. 4Jjj -u U l-jI ij >JI Maintenance genes. 

4_J_>JI f \ i ii -jl 5jjJ 4_jjl j g". (jJL. 4 L---UJLI J^L>. jja L_Ujj t 3Li_>JI 


'k v— J | 'i^lij | 


»1 II, r JSJ J*-j>J ^-JJI 1 <>>jT ^ykj )4 jl^JI < rtjhTi (jJj Cell cycle 

/^o Lfej j r j (j^*'j (j-__-_u L_jL_4jjJJj lu I V n *i a j 4 j -jj^LjJL-l 4 ^ j m.j LjjL>- 
jjj3 I jJ *4_il>JI OjLL 3Jl>Jj \ OJL___) jJ 4 j .<.LmVl 4jjjj>JI lJijLJojJI 

^jJIj iIjlA LLojj (__JI jjT i nll ^-jJ-LLI 1x1a L-j-.1j 4joj)<i se *i LujJij oLlj_>JI j jL-b 

/ Y ^ JLutjJlj l_uj---JI Ji~mmiH 
p ^c-a! j_-b I _jL-_b i^n ^TI * 4 jl**JJ n j *i ^TI t m^j-jJI j__b I j__- 
4 jl^ , ..'t^H .V i„>. (__j_. Jl^kjj V »lj <i >J1 j-jJI LjMj>- ^Im" mjLj ,4 jl^ 
iljL>- (j__>L>Jl ^IjjJI 1 $ y aLju L-gJ ^LljC j, -^TI "L_lL>JIj » ^J ' j > L4J (j .1 jl 

^yjjl l ^ * " ^ * 4_____mu_JL oLl_>JI (3 jJa .oj->-jJLI ^-.^LL-Jt jl_>»^3 «" j*L"< 4 3 

C 1 a 1 r>j (__uljjJI ^ajJI CjI jU i ^ *4 m V *U L^L_>J1 1 ^_i JL__wjj 

^pjs -»l j_j V 4 in.r>T'il,l L>L_>JI (^Ja iilj__ ^jJI t. ,j-hjJ1 JSLiJL oLl_l_>J1 
(_.___ Ijl__w (j-£>L_>» (j-jIjj j-«L_)jj . LgJLa 4 j m i-OI L_oL> ^Lj-__- -jl_>JI 4__j1_>J1 
4.1 -__V> Plasticity - 4JjjJ J-__J_ c-Ji m, (jlj - ^jjj-- 4 Lu-- 1 r 4_____^__> 

1 o ^ 4 K i"m (jl ^ j lr>~, i n" 4 ij y * T ___» <jJaj (j^> r * 4_La < 1 1 tn j t-^^a JS ^ tj 
4_J_>JI cJ t,-v. Jj n "iTL l_Aj t *m n l 4 *S L-bj j r j »1 j M,Vl 6 \ 6ts . Juj-J 

j ,v , m ^JI L5L>- e, \ j i ,1 (j^-J ^L^jL>JI 

« M"i Vj j-_yaVL_- * 1 fl >jL-p- (j3 L-a* 4 j l^TI Ji-J_> (^-3 j >JI (jjj _»jL_b 

(jfxl J_WljJL j^oj ^j-HI l-JJj 4 i mi" 3L->. jl>.^" L^Lu Ls ^ L^L>JIJ3 . 1 j ,/> 

Jj i J_-olj_uj ^-_aL_u_j L^j-u La ^yjs L>L>JI (jl LlL__ Ijl < t yc Vj . j_>-T J_L-t_J 
^j-ujJ )*L_gl j i mTIj jL-s_____V1j ^jJ jJI oLjJ-_j (_y--ci LlU ju 4 ? i]n a t^->-lj_-jj 

Uu« -v t j I (^l -_u_.j _ }Lii_-> 4 j r ju>J L£ _ Lj>L>JI u >>tj ^jl J_> . JaJ-Ja I ju-> 

L_jJL_itjlj (j m j n iTlj (jnniTL C-A-bLu (_>-**" ^Ct-^- J-^-L° l^J— ^ J-i-C <?jj , r\ ",j 
< •* , I ~i "j - 1 j Ltj Mit aj L4JJJ- Jj 1 ^"jj aj (-!-■ i Wj tL-CjLsj-ul (_^l ir>Vl 1 g ilnj-* 
Ij . l^j ^<j -"m iijj L^jJI ^Lu*u j__- 1 j ir>r (__JI i _b_j i LJLbj Li_3 2»j->. I ^ 4 

Jj t mi -i ^ij^_3 I ^ij > Jl__>.jj 4_j1 ^ij-j (jl JL)V LjJ*L_>JI (jrU JJJLJ 1 — o ^-Lu 

(jfGjju jJ- Connexins L_j^L___>^JLi (jryjju u ^ < _u Lg_-y_bi o_-_-ujj_jj 
r.io M.yi j j . < jl___ \ 4_~ n jUj __^ 4 j m.1 jIj-jj ^-aj Laminin jjLijJI 

4-_f_J t(j>> iu 3J- 9 ^ 6 ' ^* 1 *j ^LuJI -uj-L Lui JL>-J (3 T (_-__. > V "i i ,ij mj jJI 
(_.__" 4 j > i r> r ^j-Juj 4jj_43 CjIj j t M, I ^ j fl j-4J )(_--->- '**< i o i ii? 4 , „ _u O-djJl 


Lc_£" Lj-L>Jl jru ^j-^i JLu__il 4lj miJ _JLj_ -Lj_j>J1 4-Ajkia J o 

^ i im _---5J *LjA_>Jl U m.I jl*J ^.jJI CjJ*I i~i" rnU _--Aj i J^lj3 ^j-o LjJ_j 
_/u £Jj-_J! _>* . 4jlV U 4_l^jL>JI 4-__uJL Jl in~! JjL__jj jl t mm i nl jjM*--b 
MiliSJtj ^ jj r i>Lj j-J Ij ^jjJj i<n1-£ 4-jj,J t-U j^_oL_J1 ~Lj1_*J1 j_>.__ _£jj_>Jl 

u-^J . Ji u__3l CjLjIjj ^j-o LajIjl_>- ^^jLc La 4_jL>JI -&j L_£_sj i Jujjl^y llj 

4_jJjb jJlj 4 j ij aVl ^j-ol o ->»Vlj oL_j_oi " j L___jI (Jjj M^jL>Ji _jru £jj-_JI 
SLpJl 4JUfTU Sjlj^ "l-ajjLI! ^ji-^t 4_ul JJJI jijJLI j5Tj t 4-ulj v j^jjjSJIj 

jl t3jjl_>_U m;j->.VI LjL>JI ^..jM.L^j ^JLl ja la-bj J < ii" ■ .." U£ . JiJjJL 

(j-O LjL> l_jj_c -_JJL_- jLj-j- I, ilrtll ___. t_JL-_b <j1 Jj rt" 3jL__jJ J J <__ i gj L$j} 
jj__ < ** i ~- "m __-JI -jL__^/Ij i 4_jj JUtJ ___S La jj_t____j 4_j_3 4J_xL>J 4 y j "m < ilrtll 
J-Ll3 _--> ^jJI _-_5 j mm m 4-jjIj oj^S jl j^a iC-jLs jl t ~ m j / «n I _y-J1 LjL>J1 
t("ij t" i njj ^jLJj j_bj 4 j j i r-i 4 4j l____- Ju_ t ilrtll _jL 4_JoLi) JL___>Jl L^L>- 
Jj j i ii t B i4_J_>JI £j_> <3->J Sj j "i _jL£j_>»J Cj Jlj>J L_bj . 4jJL-s_jJ Ij ol(j "<*> 

_-_--! 1 (jLa -^L___JI _,_) ^jJI ___ij L>Lj_j 4 jjlrtll 3jL_,VI ^jl_____j _£_> JLU 

< il 7i II <"ij __JI ^jJJ 4 tlmll 4_j-j_ j_>Jl -L}L_- _ya ^j^it j JL__ujL j—atj 
__JI L^Jj-i__J _j_7t_*Jj . ^JVI -J_j_a_tJJ ~-j_>J1 ^JL__> ___i JLC L-aJ (__£* -_1 j U t U 
1 ^ Mi Ai (j-a ?r I mi Tt jl tj___ij JL __Li j tn Vj V I j j mi l__j __iJl_>JI j_3j_>a 

(J__5J_ i jla _>j_jJ tc-J-i LjL>- __JJ _ oLj_>J1 j-«Lj _ Jj ~-jjj l-^_-j-_Lsj L^jI jj 

_ -L_>JI J-J___-_JI _____ _^J ir, 1jujl_>_1 ^L___ll ^l J_>U Jj__t__U J-» 

Jjj__j Vj .2Lj__.jL^ U_l VjJ oJLi^ Lo LM_>J1 3jjl_U1 .jlaj .( YT ) -_J_l, 

. 4 1 \ a U Jjj__w_JI ___i Ijlj mn"t (jJJjJ _^jjt__ L__j___b jJJ j __j- 
t L_L>.I j j>-*--J 4_iiM o r ^jl irt a L^L_>J1 jl j_b 4_j ijyJtj j)l jLjj-j L-o IjJ 
.c-jjLS-UIj 4__jVl (-_5j__j Jj tj__ti___Jlj 4_5j__JI _-_j__j V |-_J jjLiJ __j_ Jo t"nj 
4_J_> ___)L_a jjl j_Lo J__j_i__JL t^jrt j Mi II (j-u^Lo j_Lo JjJ j __jj_j__- Jl-ij iV t rtj*?J 
jLjU JL>_) ^Jj3 (L_JjL^Jlj jLajJI JaIjjC L-Jj jj 5jj 4 nj 1 1>> 3jL_o-j 3jL_-l^ 
.jji_>uJ1 i«J _)lj--_Vl ^cj jjLsejJl Jju jLo"-*! ^oj 4_*)j_i]! Jur_j jjLa&jJI _yi j i u"-1 
LlLj __J_> ___» L_$L>-|_. J^ajJ _L-_ I ^ijj Lo __J_ Ji in"VI 1 jjbj jjL*__Jl 1 jjb^ 
VI 4_a_-oj_JI _ ju_ Cj t <i" inl Lo (jJbJ (_Jj-uj V 5L_j Ij a_jj V Lj->- L^j-o jL___9 
.^joil l^jlr L-b1j>j _-_JI ^L-_jaj_JI aJJt j_*j Ll_j L^JjlSJ ^yjJI jJjj 4 1 ^" n j (jji 


^SCj^l JJ-« _^JvJ«* 


L_Sj_£.j tOjl i rtj^j doL£ < n j ^ _ Ll_j__: La_> _ 4_jJ_~Jl ___> <? ju_ _j_l 

I jj ij j __J1 1 ^ r r 1 f J____ j_2-I _)___ __l_ ___b ^j-j-H .^j-jJ1 _--b -_lj_T 

ljl_*. ^La l 3jL_-|j 4 j|-_ t__jl_> ^jl jj_4 LajjJoj J j ir>L__ __5j__j _jl JJj_> 

^ A L-4 _?JJ r ii )\ _)-__) __jlj U I L_ljL___* __!_>- Oj-JUjJl jL____5lj 

M *f y\\ L$J-0__) 



J 


*» % «* ^g-m ♦ ~ _f *• 


<_JL___ Oj-_-i (jl ^j— JLj-* (ji_L_»JI Jj Itt j (_--J 

- 4 jl^Jlj i3jL_».lj 4 jl-- LiA 4jI,V JIj Ju 

(j£j_>ij SljJJI^ *3(jj <_---■ tjj--»-* <j ! <■ -9cj _ I n"<~- 

L^jJ t^r _M 3Lj_*JI j__jj u^j mijU j_-J1 L$i_w1_> 

3_U1 _ (_U-1j La J_* (j-C Ijljjuj - L^li-lj (Jj-so 

L*5I. i-^ljjJI 3-UI 0' cf l *(DNA) 4-^ljjJI 

___■ L_*jI_ ^j___t_o SljJlj 3lj__Jl __j_ 4joj n-r a 

(jj_ I <u_ljL_wJ ^rt n jl j o "i i yj _*j (5L_J_-JI 

i3l_pJI j__u ___b 4_u1jjJ1 3jLU (j! L*jj ._JjJ-Vl 

cjI j_i __i_ j->l £ (j_c 1^jL__ L_bl__jjj (_--J1 

_J_, jj__5___) LlJI Lt 3Lj _jl t--5tJ L^jUa i 4jj I j_4_j_j I J 

4__jjJ__j (Jj-*- _-Jl _}j^>* (jn« L__ul Jn" nj (4J_-T 
.^LL_____JL1 jJL__j 4__*__j__t____j 4 o jl'"J 4_LaT 

(__^ *L__J1j ^>L__ ____ JL_0__M 4 jU r (jL____Jj J_____ V ,-.!«> 4^ilj>JI SjUI- 

(jj* J_____ V r,l,^ SLojIjjJI 3jU1 «jLjb .jU V! ^ ^ 

i3_j_>J1 <__-_»-- -4_»J3 4__UjJ__j VI J_l_*- ^jjl J_l_>. ^L^JI J.« I,,, 

JL_j- IjJ . 4Jj__ 3l_l>J1 £___u_> JjlB L$j-_ 4_ajjJ_uj -_J>ll 


SjujlJl ~L-__jJI & j__ 0.3-- o' Lh° -^^i t^_i_ejj J n j r> _ji _>-« L4J juV _)_£ 

J n "1 "1 _j! Ju V _)!_> _JJ JJ 1 J___1 Jj I 3 < -_J 3Lj__*JJ I ^LaLa- <-_->■ ^i jt, o j 
L-4J .2*1 j -*-1T <jl t -) _,_« 4 jlf j 4Jj «LaJ3 L_aj _, 1 » i^JI ^Loill (j-J>— > _>^- 
j-i-C jl ___1j__j (Tjlj-' ^J-^J dH* - -*__>■ _ JU V _)jj ■ 11 *r *LSJ l_JLL_> 

1 j__ u^i l^jJI -_jl>JI Ijla lJLLa jjjSL _j5 j_* ^JLI )____j__i 

IJlA __£_J ♦ 5Ll_>JI J n _u V 4 i<Ll 4j1 j__o djJLl JL__-_j 4_L>J _y0 _£jJl l_jJl_>J1 

ULj . I_LJ _-_-*- jl LJI jj_- jl LL-u-jl _)__* *Jjj-« i4u_>JI l_iLuI_JI ^JIjc J£ __9 
l_-$ji_ 3L__u_>JI £___-__ 4 j |pr c_-LS LLj t_rL>-jj _r\_> 4_£1j_J_. 3Ll_>JI -»jl__> l_uL_> 

_)-4 4-jjJ Lo < rtl^M L_-JLw J_> L_JjL_-_J _jl JLjV _)L_ t I 0 Luj L__fc> VJ ^JJ V 

4-jjIjjJI L_P-L«a __- "UjoL-L-U 4_LoL_-' 4jj___, 4jJL-_ _JJ_ _>_; ^iii'^ 4_uljj SjLo 
.j-l-c J^ ni; _jl jj-hTI jl _jL_-j^*l LlA jjI>j iL$£.jj __1J L0L4- _j 0" n 

l£*>^ u' 6-* J^J-' ^^**^ c?--' (_yA-L>Jl) l£j-II o^^P 1 -- 9 ----- 
_JJJl__j . oL) "_j L^-jJ- jL_ij V I j < j TT _;! ( 4_jj1jjJ1 SjIII __u__j 4_1jj 

_£? 4_uljjJl SjUI < n<rn Lgjl jJ (jSL-uJ _jl j_4 Ju V i_--uVl 1 fl __jJ1 4_i__jjJI 

Ji_- j( _>_-_u j! -*_Lj 4JL> _-_j ^-^^i; I j _)--__-aj V LlojI I j _j i - o YT 

jjLJI _)l__ t 4 t'njj-J\ jl _^jjJ_JL1 _)lj j >JI _)-« _;t _-_ 4-jjIj^II 3jU1 < f? <^>'t ^.9 
4__ujj j I <"ij o «_r__v» 4^ nla 4 i_>jjj _jjjo _-dj_— L-jL-a_-^Il 4 jl 0 r Juu i 0 ^ ) a 
4_a- rtl U "LU-jjjJI Lol -^jl 1 <i j jf iJU_l_JL t_n_L>J ljUJL___ 5LL*- J-j->J 4 . m>o 

1 ^ « j o ^3 Jj I j i 1 \r> V\ J___j3 _)-lJ _-jLi___JI jjljJI L4J ___JI ^-^Ja 4 o jl , „11 

__Aj 4_2fcJ_JJ 4_j__jj_J1 LujJ jj£Lj I Juj . Luajl ( . ij^j-jJI 4 «i jl < n 
L_jLL_l_tj_l _; j __^L__11 JjjIaJI Lbjlj _Ii a Jj-oIjuj tj__jj _)! ^ j lr>"i i n"t ___]! 

.3jl_j_LIj 3jujl_J1 -j1jji?JI j 

(Zygote) fU-t 4-_ttJ %S -_mUI UM^JI. 1 

CjIjJloJI 4_LaL£ 4__l_; Jl>. 4ui>. 4 *i jn-sTI *U>^*-J __JjVl 4_tL>Jl __Aj 

oljjL__UI 3jJ3lj 4 jiji^ll 4^jl_>JI "LJJkJI \ ^La ^Ll l__j__/ __jJ1j Totipotent 
jjjb -l_-j__j uiui _;j_ .^j-*--*! L>L>J1 ^jo -w L^La _-jt " < L_. (Pluripotent 

4_-JL-Cj i_>_-_j___-__JI 4_JLx. L>L_>Jl _ru*>Lj (j_ui-J 3_X-jl_-jJI 3jljj-__J1 4 jl^H 

___ Lj-j_ <___. jj _)l _ _TjL_J1 _;jjj_i _ Lu j jl->. _'IJ- 1 jJ S jL_i_i___Jlj t-uiTjjJI 


jLkjI 4 >■ nl U 4-u_ujjJI 4_lL-. ^_-jj i nj^ 1flj fl (J^jj 4ajjjj>- 4_j_>.j]jjj 4_L>.j 
0' 03^ 'J T ^-^*^^ ^ * A J -kI £j ~t <t J t t4 injja.Lj (^JjII ^jljj_>Ji 

6 ^jl lt^ >-*^ U--^ ^yLLaj 

) Lj_i3 . . Lg-i-4 . . 4jJj>J1 olij> iOL-j-*Jl 


1 fl j-_3tJ J L_bj-jJ_Jj 


^-JjC. 4J_jj_L> <____ (^jJj V ^wjJI ^jjl Lcj__Jua ^j-Lll <j1j j >ll J^-JU 

(_-__ L-JLiA 4__jL-J1 «4 i>>jjjJ1» ^jc {''i-* jj 3jj3 ^j-A ^yj^l Lo J__j £ j(jJ **<_--__ 

<J^\ n mJI ^Ij^>JIj l_£)j-«j jJlj <jj ^ ^ Laj la3 <_-_- 4_Lb jii-ra ^cj^jJI i-j-j^ 

1 3 j 0 j! L^j ,Uj tj l^jJI ^jJLujjjj^ji;!! rLU! jJJj ,zonna pollucida 

£ja L^J^U lJ 1 j) j H lj- ^ L 1 ^LgjJjj-C ^-ic JjJj 4jI L_*_» *£j___ J_£ Lgic J tiJJ 

J f-JJJ 4 i>>J JjJI 


SjUU jjLa jJijuc t Jj jJI jjj 4^aj£j1 Jj->o (^Ja j^jj ^--Jl >U3'q (___-> l£j--U 

SIjjj 4_-__jjjJI 3ljj l£J->*J 3jLJj__J1 3jLjJL>Jl 4_t__>J1 LgJuo ^jSLjj ^-jJI 4-uljjJl 
CjI l n~U JJwl j 3_ij_>.jJU 4-jjIjjJI SjLLI ^JI 4j_Lj-o)/Lj Ljl_4 l£>1U j1j-Lj>Jl 

IjLAj 31 j vVl lj_A jljuj .4 .^jj-JL Mitochondrial DNA 4 j a> jaVl 

4-iJnjjj u . n 1 1 ^ 1r j__c-sj ^yjjj jj_jj^ j 1 1 !l 4 i rijjJl »1 nif ^j_s>l j>>n ilj ^1j_LaV1 
.(ZygOte) 4-*nl* 4-iiajjj <. ,3) l^jlr jJitjj i^ljJLC 


(l>#*) lSJ*- 




SjUJI c-L-aJ L^j SI^Ul 


(ZygOte) 4^ntU 4j_ajjjJl jjjSLU 4j_-ujjJL J oj^tl _L>ol ji-i_) ( t ) JSJ-JI 


jj^ j? t ^~^ 


6,or lall* J?ll 


4__ jJa L^i 0 r j .l__wj-__ <1a fjjj\ jl-__*JI L}L>. J_-* l^Tia 4laL^ 2uL^ <jVI 
cA^I jl_ _)_M ___.L_j *4 i^t ^L JjJ. c-uL£ jlSJei .l_Uj L^J (Jpwj 4_<5jLc 

4_L£ ^jLjJI <->\ "<Ilj 5LLsL_* 4JL__jJl 1 fll^b J^-->- <"■-- > __jj i4_L£ L^jjJ 

t >L-jL£> l_j_9 £___. lt-^ ^L__Jij_Mj cLaJJI __lc ^j-M 3jjl_J1 L^jjJj . Lajj-o^ 

4_*__Jll 4jJaujjJI _)l ^<i____j __lc j . udJj J_* cljj _>_« jljJLl (-SJl^JI j_-j 

JljL* ^IjjJI ^LL-Jl Ul_ _,LA >(» ■ V -« J*-* cnbj -^ 1 

dJ-G rt ^ 1 jJ . I fl < r\ %\ _— Lc iJ-jl - ju _l t j JjJ ^J Cjl ij "wJlj tLj-to I r 
L-j li^a ^ylJl . 4 iil 11 4 i r-ujjJ1 j-j^Lj" j . u CjLj-*Jo __JjIu 3jj innll 5jj-aJl 
CjI «ar"iia <j-C SjLlC ^j^Lj" J mJI CjLjSJoj i3Lj->Jl 4J_0 ^JjJj _ j_j-L_JL j--*! 
(_-_-__3_L1 (_--_ CjI ij -w j~«a L) C-_jj-_j 5j J ~c a ___jLL_j CjI j SjUJLC 4_jJjjjj_i 

5j In j i ii 11 <___« I JLu <4_j_4j>a^n CjLij_jjj_Jl jl CjLj__U <?Jl__ . t j * iUj i uj-SJ 1 
pI Ur I <___ I Jlijj 4 3jjj-__JI 4-jt -JJJ 4 i^jjJI 4_J_w ___£* jj_aV1 oIjj-_5__4 ^-ic 
_vo 4_cL__. Ti jlju 4__A_>JI __3 3jjJl_^ CjI—oI . m gjl JjV __! jVl CjIjL-L^I 
^j ((jri"lj (j-OjJ V "i i n o (jrtj^jl mi" a (ji"n l^ ^-JJ mi n \"t .^LoJL)VI 4 jl o r 
1 5j mi r t"r i ii ^j (jL«j i L^Liw ^_Jj I __J1 (j 1 _- j L»J \ p i n rt i" 4_cL_u V Y JL-u 
4j_*__. jj Juj ♦ Jjl^ JLt_) 1 ^ Ir Cj ItIi <___jj_ij i4_uj_JL '. P i ij"_ ^j^J_>JI u_3j_uj 
jJ_vjj |iu___j ^ i ii ii n (jl L^LitJJ Ju_*j tjJJu o' (j- 4 L^J Jlj_* jl j*L____Vl 
(_jJ_Jlj J__aJJI {jA \ $ i M n i __--__>oj (jjj_^_ f l jjf L^Jua J_b JlJ-j _,*i "_ j "i^"j 
jJa-o 4j_uiL_ Vl L^j__^_o __JJI __-_>J V u_u_Cj (CjjJII (j_-a 1 g m -U _y.g->u 1 juj 
4jL_4-j ___» _, o injj lujJLJ- 3L_3 _-__ _Jj V! 4jIjj__- ^j-L-LsJl ^L-juj . 3L_j_>JI 

l^ir cjjljt" Im, ^lj . 4__L_JI j? Blastocyst 4^jj_*! u ,,j<j LjjjJsj 2lLwjJ1 

. L__jt 4j_p- __3 
_-_Aj (4t nlU 4__uj_JI 4-ii-- __J1 -»L-jjV1 jjj_j *____ 4_u _>_J 

L^j (j__»L>JI |-j>Lj" j miTI -_cjj L^jJ jj (5juju>J| L>L>JI c_>.j_> ^-ill 
3jujl_>J1 tji j >, 11 LjL-iw jru _ SL>uj 3Lj-_- J-«1 j-c _>_4 4_j_9 Lcu _ (_;j__i__jJL 

jju- _)l L-_jI J_o->UI ^jjaj .(Jj-i-lj 4 jlV jrL» 3^--»^! t5>-* ^ *5jlJjJ1 

4 jl-_ ^J3e_>» _)_i4-_L_ 4 LjlS* ^jL-J) __j -w (^jae__>J1 ĕj j t 5JlJjJ1 L^L>Jl 

4_3t_JII 4-__jjJI 4_J_w J)! __lc JjU (_;jJl (t^-J-Il jj-J )Sjj-__fl 4-r rtlU 4____sjjJI 


jSLaaJI y'i j*i?M i^L*-JI 


Marshak, D. R. jl l_JL_-1j__-j jj-L_o -jl_-1 L* Ijlaj 1 1 j ■ , ,n f-^_>J! 2 j i ^ 

4 j*v jj^-a VI LiJjjjj_u 4j Vjj jjjLa ^jj i ( ii jJ j-T <JL>lj V a ^-.3 ^"i i I I 4__uj_3^ 

_-_Aj <b- rtlll 4_l__jj_iJ1 ^ya 4<iin!iiH L^L>J ! ^jl (jrt-u ____ul Lu j-oj Vj 
(J^ ^jrG n )1 U" A (jrG jl~w jj-J-J i ^_>-jJ! ijjJ- ___]} l_jjJ L_3 £•____ ^j-a 1 g "tl^j 
Ljijj? m rV>J _*___>jj_U ^L-ull-tl.U (j 1 -lj L>J I ^LL- ^mii T> A 4_c L- Y"\ 

(jl 4^jJ _-J1 tLaUj 4___j1 U" a L}L>. l_U j ___£} ^jh&j , l_l_L_j L_uL_j J-Jj^tj 

Totipotent 4la__" 4___U oIjjl. _-jijjJI L$_*_*L j_i <___! «ilUI L^-U 2uli_. J£ 
)u_Uj L$J £_ol jJ J^LS (j_-L>- eLk__1 ^ 3jj 1 ^L* }L£ ^-T» cells 

^-jJlj tLaUj 4Jbl tViU ^cjl j-J1 4JL>* ___3 Jt iilLi CjJL-t_> La IjLA _jl j-l)! jJI j 

^^LuJI ^j-o 4>.j_>J1 <J_vjJ»1 l_JJj _-__ I fl r + j ^j-c L^L>J! jJjjloj 4 3_-j_u I iV'i 
<jT Y • • • ^UJI j_? j Gilbert, S.F cj j .L> ji jlu. 1 j_>. j_-LU ^m^I 

1 g l--J-j 4_____a_i_U UUj 4J-j\ Laj U LjL>J1 _•!___> (jjS-J l_jL__jV| ^ ISt o __J_ 
_--Laj l_jjL__j Jj^*J j-« - 3j__-. _--L- LgJLa <J-T > n n ij ^cj i_JL>Jj 4 t ^J-jlj 
4-_lL>. 5j i^i r t'(in jl __JLa3 l-JJ-U 4 j Ir> * a - I fl m i ^l < <■ ii >Vl ___9 t iij iilt» 

4jI u ~nr Jl <L5jj ta --j Johnson, M. H t jj_-__jj->. . j jljwj 

i LoUj 5 il m "U jc_jl_u-_J L^jL-6 il_-uLx-j (j^J_>Jl L5L> JJL-C je_j_____J (j_L_>- 

A i li n ) L___5jJI ijx^3 ^ t*l nrl p"l"j ^J___J-3 I i t > I ^ I % ) JL-_iJ 4_I_» jj__L___4 j 

L_Jj_l_____i * L5L>Ji 4_iJ_i UJjjw ^j-a L^_Lij Lq_i_3 jjLtjJJ J-lo I joJ ^jl Jjjj 

o < nj (jryjj--Jl ^j-jo Cjl_ljj_=w 4 "i 1 1 ( ^j-4 (jjSJLj jrOjjj ^jjj-Lj (___. 1 i j o 
(jj-\Jj tjni jlJ U irt > i L^L>JI J__JjJ CjLbI i ii U ^-JB j-j__u Connexins 

jJal J-LlL 4 i Mil (____> tL^L>Jl _/lj CjljJt- jl l_jU___l3 ^jjjSLiJ 4_>j-va 4 n y r 
^jjC J___>1j_jjj L_4_)J__-.j ( j___ijj ^^y-T tjn» ) (j-JJ L_| i^i 1 1 L5L_>J1 1 fl_Lo jhn 
JUlj i_4_) 4 nKU 4_jojL__JI ^L-C^/I 4_^jL_La j^j ln"< ■ n*i -_. ^jU__jj 1 $ -tjj-lo 
L!lL>J1 l^o^ii") ^y-JI 4__JJ1 IJuj L>L>J1 (jro oLt_L_J1 dJLA J>L> ^j-aj . l_U j 

L__J_____j ijii^ t H j ^j >-! (j-JI 4 j CjUjj? j-xj l_aj a- *^jj J-J1 ^__J_ 

jj_<J L_b j j r 1 jL-Tj «. La 4 n jtr> j j I La 4J L_ij I ^ • ^ 4_U L> (j-G Jj-jJ I OL-uj_>. 
jj| o "mj ^ i ii ("tj j n n ^_*i L^L>J1 L-^-jJl ^LL_>o l_j1 4 < <»1 JJ oljL-Lu] 

,^ T ^^ 5UL_C L-l_>- 4jL^JJ1 ^-Ja ijjS-jj <^ m V"">j 


j n i j ^^5-1 ^>-j jrui->JI <? j_>- L (^jJI (^-jLIj— aJl £_u_>jJI j_A La ^jj 
^j-a ^L_3t_i_ul j (^jj-LUL) 4 n j CjLnLlw ^m.ii/h (jiil JJ ^ dL^Li- j o m j 
1 fl> V V"j (j-jJI jjl <J 1 ^tjt mll £_-__jJI La t j_>.T ^'iki i jl 5^L-___- jl JJ--J ^jjj 

Anterior - Posterior Axis «^-iikJI . (J jaLaVl» jju*JI 4_u_L>. urLL>JI 

$LUjjL>JI (___3 IjUJ 

_____ 4_ljl jivl __Ja jl>.j 4ji Beddington, R. S. _>_1 _jj"i i ), 1 jj . _ Jj-dJ 
oLu> __ja Li > SjSLJLI J^ljJU __Ja (cJj t u n 1^,11 - ^L^a^l j>->JI o' jL--I' 

*L>L_- JoSLLlII 4 o^j a J^u>J1 0-A_j>uL_) t 4jLJJJ 2L_wj__- 4j\jwj_4 (___bj .4jrLL>JI 
^ _y-.l inntl ^-loIIII 4jUr ___* 4_L*_->Vl _-_S 4j_C 4 K -- a JliOJ ^yAj i4_L--_c1j 
J TV ) LojL ~\K miU <>juu ijjJJ^LJl j-JL-ajuaj jl t j M^J.1 
;j-_>Jl _-*-£ Sjji u-4 _-£! 4_}LtU ^LgJl ___U_>Jl - __>lL-Vl JJJ>J.I JuJUKJ ^LojJ i_)jl 

j^-L>JI V ni^ -LcL-uU J T inll £j_-jJI I jub JljJ «n! j^I u-Jjj t u t J lU JSLlj 

JAi _-!>. <*L>L>J ^yljjJI j-aLjJI aj Oj^jJtl 4jjIjjJ1 dj^iJI j_u_JI 

) L^-J9 jj_ (___J1 4_l>-jL>JIj 4_ji_-ljJI 4 j*mj u I^jL-jsj jJJjj ljjj>a (^tj J-L-U 0JA- 
4-1 t 1 , u 4JJI 1 6 t <>j __jJ1 LjJjJI jjjljll (jLc *j-u-J1 __ nl~i CjljJL 4U "iill -jlAj 
ijjSJL I t <>>1j Ijub jjLIj <j-£_>_IL VI Jjj V (jjJI t>uL>JI Ij-A jl -_4j_>. ^Lljj 
jl La-£ imIIj j <i rtllj _pajVl (jbj^ ^j^ jjL-JJJ *4jjj tj^>- 4jV 4jj_> jjjj 

)(^jL>JI 4 1 j< JoJ (^iSj 4j3 j-ub U^J jjUJIj (jisj^l 4jjjl_>. 



^n^iTI jjl . njLiLa tCjLij-sJI j-jsLj |4jj i(j_>.HJIj L^J-o (jjLuJI > L^liC ~Lu-_2Jlj 
3jiLII J^ljJLI (ya cr^LlJI l jla jjJSj ^jJIj i^j-L-u^dl LULc ^ ^ljj V ^jJI 

(jj-JjjJ 4jLa LuJlJ jfL ^J-U (^ jji-^TI Juu Laj ^ i j j ^ 1 1 jjJojJI jja 3j^L_iXlj 
fr(^jj>. (J>-Ij CjLjj !r> a oLljjJI ^ju. <j I Lla j-ijuj (jl JuV j .oLlj_>JI jA i4ul_w 

uL> ( . 1 i-w (__JI L-_>- i4 se S Ul 4 injj_jjl Sljj L_-Jja ^-Ja LiJLuk j-jL-JI LjJI 
4-4-5 4-Jjj 1 11 a 4jjj 1 11 U ^jjb La^Jua J_T (__j3 Cj LLl>JI ijjuk *j»Vl ^j jl jj>. LjL>. 

.(JaL-J-* (jl uiul (jjj£u j__ 3tu 1 a, V 4 4j ^ »>illj ^ i ji^ll ^^Li-JI 5j| j 4 

jJLoj (Jauu 4'iit a uLll> Turn off ^JJ -j>-jj 4jLu_1II 4Jf> ^j-usjll j 

^--i ^ju jj '°>l jjj JjjLo 4 jU c (^ja (^jus-i luI ij Turn on .Uj jJjj ^jU ^ 


j&xaJI y'ij'iTill ^L__JI 

^j-o 4j_> La (_-lcj jjI ^j-a 4jjJL_-I La -_J j 3jL*_u_a l^S^c-A ^Lj ^Ltt < » )1 

ji ^yi^j .(jrU^Jl J£ ^3 4-o_iL_j 4_jLo jl 4-J-kJl 

JLlS j-jX -c_i_-_uj UlSjjj |«j 4_lL>J1 p I mi r jjja tjjv *LLlj j-4 Lj }LLo 1 jj 1 4 LLo. 
I-LAj tj\i~t (j - ^ J-*- 1 5^4^ J--£-- JljJL-Cj jj V ir * L$j J^jJJ 4 o ^ 1,1 ^-jJ-I j-LLa 
jjfcL-b M.t II ^jlj 4jaLal l--__- JL£J IjjI ^Tj jr\_~- VI J-«« J ,j| 4J ,j__ Le j_-?JI 
Cya 4_i JSj-ll frj-?JI *LLj J-^JJ 4 1 11 fi) j j tjj J_vJLLj j j 1 I r tj flkj Iju 
4jj_ ^jja *^4>a lS^P" J-*-- ^j-a L_Uj 4jLL Lo j( i( j-yc4 (j-yjj_i 4_jL-»l JjjO . J*C 
jJajj l__jL_ njJJj pfl n> <__£> }L__- l_j j i s\ \ 1 j . 4_xL>J1 < . m r j Jl-- -_]LL__ ^aSo 
^-Jl 4jU_-_LLo J-U-)Lu_>i Jjljw ^ jjl La >LI inia (J--l4_>J1 lUjlj l__i_ £jL__>1 ^-Jl 
4_%-oj_wa 4__£ljJ1 - Ju4> j t< rtn") 3-3e-_ ^j J-4-ju c_j1 ij*»- l_J1 i /h §4\ lstTla j jCJ (j h <_> 
^ L-Jj <Ti _-l jJ ^-Jl ApOptOSis L^LJtU ^oj-jII CjjILj l_3j_-j Uj I n t 1 11 a 
(jj_4_>J| JljJI -_jL___>1 l_JJL-Jj j_>-Ij j-^-i-oj (j-U JjjdL- <-JLL_b _)_£> La |»1 1 n rn VI 
<_-_} £jjll ^ljjJl £-aL> j-jJI _-1c ^Lu _ L_L- L^ - ^jj L_U j JfT ) J^>J1 L-iit_i 
4 jl^Jl ^jja 4-jJ 0 uul LAjJJLj ^--Aj 4_l_i-L-Jl L»>L>JI ^ LjjJl c^j-^w ol jU 
L>Lv (_Jl_L-> (jSLJ (dJLJji_K L>L_- ^jJj-o ____i_S <"r <n jl 4 jl 0 tll (jl Jljj .4 -r nlll 
iCjjjij jl < 'T^JJ L^jii __J3£.j_a jJ-C J ^jjJI 4-4jJL_ l_j_*-jj__ I j (JJjjO I 3jUJL>. l__jI_* 

>L_)1 m-sI1 j_oL LLL- U£C 4Kj 
JjjJ-» ^jj* - 4jl^j jjj _ ^LaVl (__!! jVl ^i^ol JJjJI 4jji_ L^LiJl (_--_ Lk 
l-JjLljj Ol1_i_>JIj i(ji__J_a (__-il>. 0 it ^ I j Ljj_ JlLA Lo^Ijj ^oSIjjj l_-j_- jLjjjVI 

(j-a ^J__cl L_Jl_L-> Jjt j <^ jhr ^Lj , \ jj i"i*"> (____ (jjjL-Jl l-jjLuj Lj_£) l^jl r JjuJI 
*l5 : j JLj l)I uj J j-^j 4J jjjj-" (_--5 Lii--lj |ftjj I Ila (J_? jl ( . tll (_)Ljij1 ^Lj 

L-UJ--J LM_- (yUi (^JI ^lL>J1 L»>L_- JJLC J-lOJ jV1 jjj-JI ^jLHI LjJjI 

.Morula ^j-JL <-.j^.» j-.j 
(Morula) 4_ujU1 _ Y 


|-j-JI (^J- 1 jla (jjSo LJLc . L^L>- ^-jLoj (^JI (j^-L^Jl Lj^L- j-lc Jjj^j ^j^. 

_ Jj-iS (j-a Lj-__l Lo__ _ jry_>J1 u 0 iiij i4_cLo VT Julj jl l-jI in^yi ^jja l_JLjJ1 
4 ii irwl a _r_L>JI L^Li- jJLp j-j1jJI ^jjJI ^ySj .OjjJI 3j-«j 4j___j (j-^-* - 4jJjjJIj 


jSCj*^l jj-~ ^jo-* 


j__^L>JI (*j-J1 lt^J 4 L-OJLc jjL_-j JL_5j (jnt j l__L> __JJ I (j in t i t in aj 

<L-jJJ jJjlA J LLmJj (BlaStOCOel 4-ujj_l _ > _u_' L-_jj->_j J-4-l-J 

L}L>JL _-3jJU La (^Utlj 4_u_^liJ <_p*jL>Jl L>L>J1 ^ , ,1 7\ m jrt_>- ij LJI <•*_>■ 

t 4_uj_JJ 4_l>.jL>J1 4_eUJl __L_, ___ L}U. ___>j 4 Trophoectoderm 4_^jL>JI 
Inner 4 jlvi jJI 4j^L>JI 4li<TL l_3j__u Lo u Utl 1 ^La 4_JL>.ljJI L}L>JI 1 * iii 
4jL_^ __J_ y* • • ^LaJI Gilbert, S.F cjj .1j> jj-~o 4_Lu Lo \ jus&j <Cell Mass 
aKW L}L> _ 4__l_lL_JI _»____ L>L>J 4 j r<\ jl l_^cjj J To ^ u LJ_>JI _-^L_JI _>_-. 

clUjj 1 fl Lu _y- (j-jLj _--j__. 4 *j <n II 4j Ll-jJI 4 j f _L>JI i i"< jlV _, _ _ 4_jL>1 jjl 

\ ^UJl Johnson, M. H. jj-____^>. . j a i _j__j j_^>- j-~ U-*j .j_____>JLl __J_ 

4j_>.jL>. LjVL>.j 4_iL>I J LjMJ- __JI 4_uj_J1 ^L-u__jl (jl 1 j g_ 1 _3 j 1 i^W Jl 4_ajjJ_j 
J-Lcj 4_u jHj I 4_t>-jL>Jl L^L>J_-_ . 4 j 1 U ^ _yo 4_uj_Jl 4j j j qV) U 4__j__i-u ^_j 
_y-j .In^MJI *j->J1 J1*J __£-_ 4 jl^ljJI 4____J1 L^Li- Lsl <Un II *j-_?Jl 
LlAj 3jul o "1 aj 4 <i I" V a LjVL>, g-Ji il 4-u j 1 U 4_jCt, 1 Lj*L>JI oA jjJ_sjj __^Lu 

J_l__ juu Jji^n"ML L^jLli u__j___j (j-iJlj Blastocyst 4-«jjVl _^__>JI ^r^i 

. _r_->Jl (_j-oLu J_>1j-c {ja aj^LA 4l_-j_*_> 

^L j r „ __-llj Trophoectodermal cells 4___,jj>U 4 j >jL_>Jl L}L_>J1j 

4jjL>JI 4 ll< 1 1 L}L_- Lol *4 * j m.U _,Ut -J juLoJLj l_3j_^ _ 4 jl^. OY L_t>JJL__ 

4_lL>J1 --j V" 1 1) L^-Lo (j-jJ1j J_____ L>L> (j-u-*_- La j jlc ^l m 1 11 ^-aJI j _ 4_lL-1 jJI 

Yolk jdLI j^_l£" I jL-aj jj_L>Jl 4 7- l-u! ^-j «_-v. ^-Utl _ 4 jiji>JI 4 jr *t >11 

.4_uU->j jrt-L>Jl j-*_J 4_4>__juo 4_^_l-u! _-_tj ( sac, Amnion, Allantois 

_ U__-j - JuV L4JI _-JjVl 4_uLj_L>J1 LM->JI Lj_xitu UjLj 4_JLj 4aJ_j 3j--ij 

J-O ^J_-U _jl 3j-_>lj 4^J_> ^jU"i 111") _ jl . Jl_>Ij J-l-L (3^j-3 ___i L_jO (jjL_-U (jl 

(_3ljjJI _4_4_»LIo ^-J- 3jl>.1j 4_lL>. _;jJ_>u _jl _>_x-cj - 1 juI 1juI__ . lajj-_l*j ^(j_-_j 

l_ILL_> (jL-* U Vlj ^lj-Jl J^ l^' t4 C-iyi __3 4_LLc. l_jL__l>J1 j_x^_> _____ 
_v0 jl—^ jl . 4_j1jl__JI JlL-j J____l _hs 4 j l^ J_> _-__ _-jIjj -5-4 Lju j-^-_> jJ ^l J 
^jjJo j_C 4 J_>J1 ijJjL-b |»J— _-J ^J 3 J >1j 4_J->J __u1jj J_-iLj-J J_l_DJ J^____u VI 

__ij_3- LoS' i L4JJ-4I l_->u Jl_u->JI LjL_> ^j <i 'w 3jL_oj JjaLJI _fjljjJI 1 aLju 


jVuoji u -iMTji^omji 


^w>J 4_j_-U Hematopoietic Stem Cell ^jdJ i' ,V,t,l 4 jl^ll £_* 

t dj-^ll ^*jJ1 L}L>. ^ c^bj J- 4 ^ <_JL__ (j^J <Gl l__j__> L___j_ t^jjl L}L__ 
U£" ^jlU 5 nnill 4_j£.j__>Jl 4_lL>JI ^ 1 Sjl^Ij 2Lli> j^ ^^>J1 0' ---- 

^jJI _j1j_-£ 4JL-3- ^ < rt I" Vj J—--*! I oni .^UanJI (_--__ <_-__ 1 -yjJ ___J1 J * Li_i 
( n^tLLbjj 4J£j_~i L^jV _dJjj 1 L_£j (j«_>L_>. __jljj -£-«Ljj (__Lc _gj "1 -n" ^^Jl frl in j ifl 

jL^>. ^ iJ>j£JI 4j-«jfcVl __!_ 3jL-__J,I ^L_u_>. _M ^LuL-T L^-Udj^ tjj^l 

Jya Jj L_J_i 1 jl <i"if I (jAaj __Lc 4 inij V -Ti tj ^__fc_« ^njhj J 1 u \ 1 ■■") 4jl ,4-C___U 
_pl .(jrtJjsJI I {j t a LLjj^jj Cjj-4J ^j 4_jL>J1 J-4-tJ V _j <i j U jJ 1 J 1 nl , , "J1 1jj_ j_uL 

4 11 1 U ! I (j>5 Lj5L>- (j-U LJJ 3_J Lo 1 _JU-J t J-Lj3 (j_-i Ljj-Jul !—*_-" i(jjL*__jl j-O Jj- 1 

La IjLAj t L^l4 4jKljJI 4jjL>J1 4JL&II L}L>. ^J 4_-JjVl ^hij^ __<- 4_o.jL>Jl 
_)1 U^» U?-- < ^ ^LJI _-1*jJ1 4_ijjJ_j Nichols, J. 4-jjk JJj<j'i . j 4_t__>jl 

L>L_>. 3jj__ (____ ^JaL^JLL j*j__j t _A__>JI ^ 4 jl ^IjJI 4jjL>J1 4 l"<!1 L}L_>. 

4-__>-jL>JI 4__-J_JI L^L^ ^j__j JjL_II ____j i^l ,n _jVI ______ 4 j >jL>Jl 4 n jUII 

L__>1_ . J( y j ,,i'°l JL9j / TA ^ 4_iiiwl jJI 4ll< II L>L> JJJ-»JJ J-C- 4 jU r ^_CJL) 

j_L_Jtx_i Kunath, T. __Lj£ ._ I_l_*j ^ ^UJI ___. <_--^tJI 4__jj__j Tanka, S 

(jjL»_Jl I j__ I j^_j____ t Y * * \ ^LtJI 4j_Ljj_-» VI t-Lljjjjjj 4j^/jj jjjjL__ j^_jjj_jj jJj-* 

oljL-uiLs: J_<__o oLIjJ^ jj__3 2l_l1_-I jJI 4jjjL>JI 4i___Jl LM_>. ^L J-L_l_UI 

(j-a (_^j_j>- I ^IjjI Lbj y>Lj J^L_>. (j_o __Ujj t_>__>Jl j-cj 4 jl o r (_-_- SjL-cl i n a 
2l_JjVI jjL>JI L>L__kj JjaL__C JL_>-JJ jJJj Jl ", * .tj^-oJI LM__>- 

L^L>. j_)Li_ 4 jU c i" jlxLuli ( Fibroblast growth factor -4 (FGF-4) 

jJjjjcj ijjjjl ijru 4 a-alllj jJU__Jll JjLu 4_SjjJo ^-lcj lj___4>j . 4_^jL>JI 4djUll 

^jj- J_*L_L>Jlj ^LLJI j_a i ,,, -sll L>L_>J ^L-JI _-_jl^JL_ *LMj>JI j^j jjl t"<ll 

4jjL>JI 4 1 1 L>L_>. (jjl_jt-_JI IjLA LJ j , ,. Aj JL-3j .4JL_ujJI ^ljij dl_j-_>JI 
4____>. 3 L_>JI 4 n ,UH L>U- L-oj 4_«jj>LJ 4 jUljJI 

LJ j , „ jl_ ( 2uL>.IjJI 4 L-SLII L>L>J ^js 4_*ul_u Laj Trophoectoderm 

j_jj_>_ll Ji-l J I ni-w 0 U t"t 4jjj i-vJl 4j r j 7.II L>L>JI jaj J-J-J3 < . , j , „ I j_A 

^LjtJ _dJ j<j 4_±>-jL>JI 4^ ,UII LjL>. l-jIj tl 4ttj"('i jJJjj i(-,jMi„4> ji (3.'U ^ 

*(_____. JjLLj uJlj-- J j . (tr " V ' } 4jj^V1 (> L^UJL ^kLI jL_jV| 4J»M_ 4ljJI 
.Jj__JL1 J_-___J1 ____ 4_x£,j_>Jl 4-J_>Jl (J__uLl_x>. (___5 L_JJj jjI J_u-___lJ1 (j^o 


^Cj^l jj-- ^jl^ 


4jI Ju (__-_■ JUu I a j 9 jjl n " i_2j_l_ t"< < j j j^ I Lj^L_>- (j I j-£jlj j I (j-oj 

^j j ■ nVl 4_jL^j <____ ^_j_j jL_j_tII ^lLwj^ Ji-jG 0 "i Ltj^lj cJLUI ^j \ ■ V I 

jjo L-j j r j t 11 4 t i^lj J j < m." 4 j U r I J — jjj L^-La ^p-JI j iL_JL-J1 

. (rT) ^L^Vl^LljL» 
Blastocyst 4#fj<lt **£-T 



A^jUil 4JLJ-J1 LjjLi 
- . : /J^ Trophoectoderm cell 

Inner mass cells 

^JA.IjJI ^>L>JI 4JUSLT) LM>/n-w (4BUTI) A^Sri ^jj (a) JSL_JI 
4 i'ij'<^TI iuc Ju>J1 L>^L>JI LgJ_* ^JJIj 

4jLwj j_o jj-ujaLsJI ^-Jl JjjjJI (*>-jJI J^ U-*- 1 M fljJo JU^ c JU (jlc, 3_j_j_ 
jjju ^ j_xi_Vl 4ju3j_4 ^JI wJjJLia 3L_> j_4 4_ojjjo ^ p i ii rtlll (4_«jjVl) j^_L>J1 
i4 jl^ V . OA j_tj Ljjj-Sj <LajjVl L^Uk _Ju£ J^dj JLSj (^jJI jl Jl^e-j 1 j j ^ I 
^T* ^Jlj^y. 4 m ftj L^Li- jjo 1 <j j i ^L- jljurJi Jjusj (J_>jLulJI ^J-jJI <___■ L$jl JjJ3j 
mi-sJI ^LLJI 4 jU r ^ V jm nll O-u ^-A 4^jjj^Ij ,(0 JSLAJI jJajl) *4_lL>. 
CJJL56J I injt l£__J i<Jr rtll,l 4»iJajj_jJJ nj n-w jj-*J»J J_£-_-J Jji J__o_ i"hm jt (jr& 
^-Lc L^_ilj___>V l_Ujj i L}L_*JJ ^jill jnm V "Tlj ^jJJkJI j^ <n V "II Lg_j-J3 
• Jj-3 j^a I | jTI Lj_Jol ^-jJIj l_i^L_J1 4_^jjj_>JI 4 jjjj-yjl l-)L_ijjjJ1 jl l-)I n jUH 

jj<j 4-^jjVl jl ^ ^A ^LaJI ^lrt-JI ^JL^-aj Fong, C. Y. j-jjja . j j_j_>jI jl_Jj 
^jjJI ^j * jL-nojjAJ u i j i y 11 (^L-JI J>»lj_fl ^jja ^jL-JI ^.Jl ^j^LJkJI (*j-jJ1 

4_jj_Jif (j-jLjo JjI ■ ■ i j ^jlc-a lJijj-_>iJ (ji iTrl T j <j?j Cr j -v J ^ jL__J1 (^-JS l_JL_JI 

jja Vj *\ j^jj-jJI iTrophoectodermal cells 2l_«jj>U 4_j^jL>J1 L>L>J1 


j^Cj^li j^ ^ji^ 


j£*nJ1 u 'i m?II ^L__JI 


jja jjIjJI j-j-J! jLiJI (___3 4_Ll___j La j-Aj jl ^yS u ij i ^JI (___aL__JI 4 jlo f 

JLju £jjj L-$-£Jj <^jJI __JI 4_ajjVl 4_j_3 Jx__j ^ ijj ^JI ^L-Jl 4 jU f 
_»L^_itJ j_oL>Jl ^jjij^ll (____- (_-j»L__-ll ji--_>J1 jl a"r I ~c-J»JJ La Jjfcj . ^_vjJI jl-L>* 
jfil ^L-JLj ^c_-j L>L_>. tjru jljlj £jjj fj j g fl .4inT»HI cJJj (_." ____!__ 

jl J oj jJL-u - Jl__j_4 ___£> ^cuj l__j_l_< La IjLAj t Juu J t " i nj ^J ^Vl Lj^L>. l1)1 m -w 
j! Jl> (ya 3j£ (jc <\-r J ^jJI ^ 4_4jjjVl 0JI3 La JL- J£ ^^U. .4JJL1 4___i ^j 

4_j-3 (____> U (_-__ (_--* 1 oin j . I <j j 0 ->J L$JJJJ Lfc) (3i-u jJI 

j>Jtjj tj_u_>JI ijMniij LJla LoUj iZonna pollucida (_-_Lujjjj<jlttl &L__jJ1 

(_-_3j JL>JI I j_A JlLc _»jjJ ^j^i ij _jt 4j JL»V _jL£ k! i-JJl lj_A jl J-Slj-lj .4 t>ij itl 
l_jjJL_v -_La ^jJl ^J9 <4 njUj ^ L^l M (jr- 1 l-LA 

(_-__ (^>jJl OJ-3 (j-- jl (jOJjll 3l_L_t ^-JS _ JjjJ_JI L_5jljJ_>5 JMJk _ 4_OJjVl (jjjjul 

1 j U t a j ( (J_j1jJljVI J_l3 ^jJ l_jLo1 1 u _ul 3jL_J 4____jJ_< lLUjj IjUt a t4__jL_J1 ^LVl 
La (j_jljJbVI J3_J LJLcj t^_>jJI (jjo -r j -r mll jL_JI ____ £jjj (_-_> 4_pj___J 4___>jJ_ 

. l_jL._Jv.VI 4jlnr J_Lo j Ltt\ tll (_-JI (jjal-JI (*3_JI UV 

I«-»jJI j>_* Jtt. cp« y«tj--l 

. Lg_4-^vj Jivl J jjJb Lo (j^jJU V 4__vj^jJI (___* Lfcj t JuJ_-w ^jj (j 11 n ■ n L_-£lj-_-i 
-r j jl L_bL^L_>- tfL>_J-j Lljjl JL4J CjL I n,i> L^ii-lj (j! (JjJU V (_--* Laj 
L^jj___I 4jIjli (__j. <"< Jl9j 4_4jjVl (___* )4_U 4jJ__9 (___* L^-jo 4-tI___ 

-*j_4_*Jlj 3jul11j 4 1 jUII («3-jJ1 4jjj (__ii (j-i1j_iuVI 4Jjbt-x> (_-J_ ^j-jJ ^-jkj ^-jLjJI 
Jl 1 rt"tMi-f CjJLcIj VI <;LoJL) c__JJjj ^JwjJl jl JL_X (j^sjl C_jj->- JL_J . 4_cljjJI ^JL^J 
3L_>J|j ^LS-JI j^j (j^o- Jl j n" JLv J_a_>.lj ^--^jI ^y- CjLj_^jj l_jJL>. ^J_-ct 
-JUb i'< il" ^La . Juu j_4j Jj__5 jj_4 4_JI j-^Lij 4__-l L-il 4j1 1 j -w (j_a uLJjuj 

^-Vl (Cj>j j1jL_w J_-wL l-ui miTij L$__« Lcjill Jluu J\ - Ljj Qji L^_jj9 Lu . L>L>Jl 
_____ 4jjIj n"nii_flj ^l n Jl 4_La _1__-G . 4 j U t"i j 4j_a -L- L_J_ 4_i__j 4j_a Lj_> -t i mlj 
I4J Ju^Le t(Jj__ (j-a tf L^ju ^oJj 4 t\ \ t "1" ^J ^LoJL , 1 $C 4-j-Lr- t JUJL>Jl L^___a 

(_j it a 4 jUt")j . » 1 fl-JI (j_B j____jj j j V" (^"1 ■_> 3j_j_pJIj _L_lL_ujJ1j ^lt "itL j 0 m (j! 
t4i_vL OjJ JL_ 3jUJL_>- 4_j__- 4-jj1jj 3jLa (jL jJL-i Jl_5 jVl ^jJI I J-4-5 t3Lt>J! 
t L$j i*>-jJ1 -JJ- j-aJL Cjjl jjl l_a__>j t J I J jJj J-^JJ ^ r ii rt mj j-a-uj ^j-Cjjj (___* Laj 


4jj i Ju£ 1j ^jli^ jyaj jlj. U^Lh-l ___JI 4 jrtjrt^U 3L>JL j t oi Cjj-j_* L1_j 

.^jLlL) 4.<t^ _-j 4 ojhr 4 o cjlj 3jl>-1jJI 3L_>JI l___L_ LLj -<>Ll>. ^j_>o 3Ll». _>VI 
Lsjl»j _>____->] 4_j] t _j_>jJ1 ^ p^^ii (j--_ij j-*->l LljL _/_*1 L__ jrOL>JI jLa 

(J-lj_li_c a_ jjj-ij l_jj-I__-i jJ~l (j_L___>.l tLsl ^i i nl l_3j___ L-pl Oj_l__ 

^jJI u_L j V rtlL JJ-*--- fj\ . l-$_1_ _ 4 d \ 1) <y_ - 3Ll>JI jljjjl U^J-^j^ 

Vl i_^J_>J 3_J_>. L^jLj_>- j__J £j-_*J L__J__- _-il1 _-J*J ^_V.jJ1 L_Uj 4_J__-L__ i f \\ <i 1j 

J_v1j (j-L_* L^jL j-*-_J jl L4I (jpej Vl 5j___*ij j__*j jJjlJ j-uujj JJjuj jl L$J _>_*.) 
_L_clj___J1 (j-aJU j-A S5_l j 3l j >jl $____ Jl_jlj __!_!__ Jj_ iSl * a j-Gl j jj> 
L_£tj__j 4_uj - <i j 111 )3l j _- ^jj-J (j£j-> -*1 4_jj1 j oj^C 11 j___*L_*J1 _y-_tlj 4_jjjj>. Jj_lj_J 1 

cjLLu_3j__J1 ____ L_g_VIj i jrt__>Jlj j-Vl LjL_>. ^_a L_>3__fljL_- 1 JL_4__>.j jL___jL 
J_L_J1 £____> j__ Jj_4->JI L^jj___>j (OL_i_>J1 L$__jjj iL_jlj_u__^jj__Jlj 

4 t ml Jlju (_-jIj l_JjJ_JIj 4 * j 1 aj i(__joL__U __>3L_JI jg t yW jL_JuVl (_-J>Aj 
4_i_l9 31 \"rW u Intjj ^Lolj L_j-4j l_wjj3 LujJI ^L-jj t j_j_*-__> J_J_> 3jj___> ^yS j-^-uj! 
J_J_> -tj__*-Ij 2j_j-CJ 4___Cj l. < t" 4 U 1 njjj _jj 4jjl iJjjL ^j--- U"* ^ ^JjL>j 

)4J_-_> jm.iII 4_i_a_e 4j_~L J-__*J J-j-^> 


4_jjJ L-alj ijj-_>.t 4_.__.j__4 (^JS jVl 4__fl_cj_?l jl j< .11 jrU>J1 J_>.J Jl__J 

^yS Li_b (J-4--J1 (_-jIjjJ1 4_4_-Ll_> IjLtj i L4_JJ ^L-scj __ilj___Jlj jJJI j-a l_jL1J__Lq 
l1_Cj__- ^j-s-Ij J-«--Jl jj-C l!___3jj CjL_j_> Jjj-^j- . (j£j__>l oLj__*_l- j__-Lj _»LjL> 
4__j_>- jj j j 1 n Cjlj j *") L__JjL_-J 4 L$J ^LjJoJI 1 $ jlj J-Jjll __i_jl__-jJI 4_i j J_-_-*J 
^ 1 ii il l" tfLjL> CJ I JU (_£ jjlj i j^J_>JI (j-JJC-J _____ 3jU_L_w 4-jjlj 0 J^J-U (J>JL_-Tj 

Jj_2__ . 1 i j n «j jJ__ Ij 1 tn 1 V"i j-i-- i L jL>» ^-Jj jJ_i ? j jJ]l_"! j^j L-«_uj jJl_>ij jj*-> i 

0L5;_ mv f L_JI Gardner, R . L . j__ j L£ _ u r __ptJJ ^j^l r L____jVI J_-lj^ 
Pyruvate, 4 jijaVl ^L_>-Vl j__> L^UJI _____ 5L_pJ 4_aj>Ul 4_aL__J1 jjll__-« 
iGlucose jj^ji-Jl j_4 4_eLL_J1 j_____v*_i t 4_uj_JI L>L>. _jj£_j jl*j U? iLactate 

4_jjj "i 1 1 j 4jjj_>JL 4 o * n U j 4 U __J1 j^_L>Jl L^L>. \ o " _u __-j„__ l_uj__ La__j 
^Laj^/ (_^jjj___>j |-j V 4j_L__ jJL____*!_* jj__ji_JI _-J-C. 1 i n J I 1 o "i *" _i)j__w t J«a*n 
j__ jj_Cj__*Jl jl ^jJu-u __JjJ / Tr ) 4_ii_>JI (____ 4_ulj _,j^j_-lJI l_j^_cL__JI 


j-*_JI t/ij»?!! ^otOll 


^^J^-j^jLjjL^ jj _ <jJI j__£j L__aJL_ <4 4jjVl 4_Lvj^_a ___ 1 i__jl 4 ^LLaJl 

f$2j *_;j->- jl^jj 4_i Y* * ♦ ^ L_JI ^AjtJI ^j>*J Carayannopoulos, M.O. 

4 i «nj j-o-U J-«Lc j_ftj Glllt 8 A lLj jj__ _,o i.ij 4_lL>J1 J--1j _-Jl jj_-3_-*J1 J-3l_j 

jL_uL_JI (^al^lilj ^LJl lJJ j 4_JI 3jL__VL ^jju> jj- Lq_*j < *i _ ^rjj m.'»_I 
j^j— t_j Jo-uj_jj !__, j j ^ h jjls__j _jl jlj>> Vlj _j_ijj_>J I oju* 0v jL__j_>jlLI 
jj (J-IjJ-j Glut 8 jj_->jU1 T J--LJI _r_jjj_jJI jj i^J_x__ *4__i_>JI 

(_-*-! 4_>.jJLI ^JL-b _--_ LoLcj LJ^i—JI j_-i> j *ijJj < ■i t^L) _J^ j ii"ini a jl pl o iulj 
^_»oj-jj ijjLs_JI __II JjJUj ^l i m n'iV1j j_a_JL (jrt_-_>Jl L^Lv J£ I fl j '^ Jt*i im"i 

Lkjju__4 _,-J1j 4_iU_JL VI __L)j __£j Vj i4____*_llj SjujjJI cj}LcL__J1 [4^3 

^jj V 1 _____ _)f -__jj-_t_jaj *4_t_>JI Jj->0 j J^J -*JJ JLj^L- _)jj ( j^—jl-JI 

. ( V °) (jrtJj-____VL 4j i mi ^j^jjjj -jjj>J ____ VJ 

(j-LJ JUJL___JLjj t4_j»jj _ 1 j_«-_ _y- 4_L_-jJJ _»JL_b (_-__ t L^JLc JjV 4____£)J Li-bj 

4 .rj >JI LM-JkJI __£j ijL_JI (___ jjI jJI ^3_jJI j _jL___-Vl _,_. Vj 0 jrya>-J1 
JL-J i_4_>L__ £jl ___ (jj_u t4 jl^ljJI 4j^L>Jl 4__JI __9 4___jL___JIj 4 j Mi-sJI 
j_j fl > ^ 1 U r I j ^L___u _ 1 ___-_ 4_jj Jl_Lo (j_cj ^JJ- 0"- iPbj-^ Wj?c_aLj-» j o mi 

. frl *M~ I ill (jjJ _)-« 4-LAJJj_>J1 _J^_jJI 4 J M 1 ->JI _jl —4 U II L^L*- ^ljji 

^j^JI Uj IjLLaj ,„ > J_>lj jjjl. Uu j t m,-i _ l-JI-S^I f Vl (jt VI 

^JI ^l i <t I Jj->J 3L-t_)J i L-$__Sj_>. (_y__ Lo -_j -wj-3 ___ 4 T.L-1 4_J_C.J_J M Vl 
1 __5Lj___1 ^4 y <i \ i fi oj ,jj i^ill jalj_>JL_i 4jj_j1j 3jljJl-__ — j 1 j I tn~c\ 

< f~-Mij _)( Jjj La ^^---Lj i3 JLC-I m*i 4_l>- j_-> 4__j__- ^«j. L_i_-Lj3 Lj-_o L^Jj '^>J^ 

t L^o-_ ^--j L^jL-. ^ya j^ jjIjjj '(j-J-cl L^J_-I jj Ls _ 4_4__- j <jjj (j_4 _ 
i^-J-cl __J| Ljl_)j L^L>-I jlj L_- J_ 1 gjj t r . t >jl_. i-LJI Sjjj j-*J r.r j-^Jb 
<<-. t _Oj >"tt __3— _ I j i jr _-Lc JojL usJl jljj i ^t n mi Lii-u-j l_4_>-ljji 0_^-__uL- 
^j->j ijr* 1 (j o n } La ( - 1 IS li 1 j il-jjJ.1 ^ tU -XjJL__C <;! t'^ ^ ______ ( __JI L^-4_- jULdj 

— jK"i iuIj _j!jL- ^j t3L?t_JL Cjj nlnj 5l j ^JI ^jJo 0__1 j JLjJLlCj * 3j ! j-~ J 

il_5_-u __J1 cJ-i-o j jl_ cjljljJal j-a _JJ j ___ l-_j ir.TI (jl _;jju V __^__ ."u*jj 

4____. L-ljj-C I \ j mi 4-j___-__u>. I (^jJI L- I m v 4--ijj_l ^lj-ijl 4 3e j"'t (J-Jjj 
f<__.j (j-ic i^- _1 ^J » I n i r> j ^JJ-A j^ t"i _j| jlj 3jL__jo Lal i n ^l a J___ ^"i ij 

. Jjt 1 1) Ljj I4J 4j_4->J Ltt 


^j^ 


W|H ^ 

iTrophoectoderm 4 _ .U Uj_l-__-« ___Jlj Trophoblast LjL>. _^M LujJ 

4jUr juu) i_Lu L}L>JI -JlA *4_ajij>U 4_o*jL>J! 4 n i U U L}L>. LU__: L_£ _-__j 

Epithelial 4jjI ^UH L}L>JI 4-<> J& (^jJI j!jl_>. _-Ja *L-jjVl ^Jj-Jul 
3ju i c 4»___>L_- 4 -r .m'i1 L>L_>JI tjjt j__ ^jjJ-jj ( ^jJI jIjlaT 4_J__JL1 cells 

JULJ l'<i 1" - ^OJ £^JVjJI jl JL>. J_-Jj L_J-__iJ C-_JjL>0 (JJ-O L_jjjJlj _-jJlj *4jj_Vl 
1 ju_ ojSLjj i|»Vl _yQ 4j^aj 4 i r jL JoaJ jl j . n f _£_L>JI __JI j .»1 tll ^j_JI 

Jj_u _-_j___j Jj_a _>* l____ L__j t Placenta ^i,; IL l-3>_u L _dJj jl_u jL_-_i_l 
^Ui-JI _>-_-_. ^_oj .L>UJ1 Js Sjj^jil oLL^JI __J1 J£j* 4K^Vl _jl L__b 
^jj_>. t La JM_*> _ya t ^_4j_fi_ j u ~t t jJI 4__jjJaj Guillemot, F. oj__-JL>. . _i J_l_ 
Trophoblast L>L_- J__- ^.,^11 *4_j__LI L>UJI _jf ^ l^ J-L*jI ^ 
_jl_ ___ 4__c j-j-jlj uy>J\ Llaj iMash 2 T _>iL- _,o .<ij _n_w L_j J«-« j Ijl_u 

J-U-j __£J Cx_jJI _)L- JL___ t ^Vl |4_wj jl J_>- ___ 4_«jjVl ^ljJul Jj-*-cj L^L>J1 
*>j iiU -J->*J jl 4_j 3j__J_* Jj->-J jl tj^->J' 1j-t JoL__j Jl_c JL- ___j .l_IjL__jj 

-ujljcj ^yJLJLj Jxuu V c/l^JI I j_* <jL_ t 4j 4jojU rJI j___.[;tlJ 4_j_UI oLljL__!Lj 

(rv .ri) ^ ^ 5 ^<; LL_-lj 1ju>. ^SLuj u^L^J 4_l t-SjJuj '_>_>L^>.)n 

Gastrula ( UM1 ) il* j# . i 

CjL 1 rt*4 t L___j_>. ^-Ja La J^ ^lj-J-j 4_L>.jj ^jja jjivj I om^ JjJlSJI ^jjJI _____] 

Lo ^yJ-C _>_uJ i l t d _y_» Lo 1 m iii _jl L^La !___> LiJjJL- 1 m iii _LJJ SjJJ _-JJ U_iIjj_v 

^--il SjLu-JLI ^L__>.Vl c^i\S . JL l j jl j£Ju Lui L__jj_>. _^o j>*j V L^ji jlu t ^_ljj 

_«J_ L-tJu-Jl ^y-b 'Luj__ OjSuu \ i ny _ys 4u£* ^jj Lo __ic L>-l_a___-l j»Vl , V i n-w L_>jjJ_l 

i J-*_- jjIjj oi^_ jtj jj-J-j |_Vl L_>!ju_i ( JjIj LjiC j L_^ t £j_>.j_J1 I _l_> 

t-jLbJJI _)ja -U V q[£ IjJ .cjL-jI irta _)_a 4-JLtj Ls ^_Cj jjjJI Jjui »lj L_, Vt i d? L_4 
l_4___)jl_ _y-S _,__ 1 o Luj i-_JL_JI ^j j i ,.Vl 4j| jlj __J3 _dlj (jL_?j i^ij JaJl __JJ 
wdJj t Ji-L>J1 L">L_>. J_-L CjLsI ,.i n'>lj olj-jJu ^vjJ1 J-wl J l_jJL_*j <jL£ ( m iUII 

4 "i j > ^jL- lUrtlll jji Laj_>.j 3L_>JI j-t_i __-£. *L__JI ___i 4J__ 4_l__j ^-VL <\i mi">11 

^Jj-.-i j_b i4J ^LuJI jjln" II _>x 4_L>. jil -•JLA _-_5 _/___*JI j__txu L— a j-Jblj .(j^J-J,! 

L^Lt-T j i_->JJ __-3 L^jl jm miI ^iUimii _j_^jl_J ^-Jbj- j_U_JI ^-3 Epiblast LMi- 


J-j-gu>. j^Su iJ-o^tU C_!L_Jl £jj__i_1 AjL^uj 4_j1_i j*Ll JM_- _-flj - 4 nny 4 j_C \ y 
4-Jj_1 jl 4a_j_>Jl 4_l-j3 _u>JI Cj^I uLLkll _JJ Cj^Lo] J__ ^>U)II LjL*_ 
J _> t U <jJj--J _jUjl_JI ___ aJJt <jjfcsj .^jjjjJL_yij ^jj^jj_LUj ^jJJj V\>^l lt^J 

"LJj.l 4-_^^j^>JI L}L>J1 __JJ Lla _» j ,V< _J juV L_i .4 ; L-all j! Gastrula 
jj.t > "ILj j jt.ll 4_L- j__c Jj__ Jj-Oj L>L_- ___j t Primordial Germ Cells 
4 nUill _y» £____ L^L_>J1 *j__ Primitive steak __.! jl_J1 .Uj ^kJI t jjj--' 4__- j-« 
L*>L>JI _jub JI__* ^ Epiblast c^^Ll-u^I L}L>J Proximal Region 4.^ ^LiU 

l-JJiIlj >. r WTt L^jI tt <n i4jjL_JI u_JL>JI LjL> 4_iiu _>__ Sjl-ljj 4_JjVl 4_^jjj-_»J1 
__JI 3-jI_4_j 4nl~ VII u_J^Jl L>L- J_«_>_ ^__JI _jl__>Vlj J-aIjjJI ^-uLj __j>u ^J^jJI 

jlLo __^_i ) _jjLL_VI __ic ^^i^ V "ill I j__ ___ <_ < r jj V __$__ .4 L>L_>. 

___ L#J JL___>JI j-_j __£i I t <iU ^L^Li-j JL____>JI cJj_L_.1j I g rt jjJa _U_5j__ 4jI_L_J1 

4_jj1_ (j[j-vi 3L_l>. ___> U o!n 3L>Jlj (j_«L-JI £jjJI jjL_JI JjJju LtS LoLu ijj____ll 

4 t j t a _jL-jjv- _j__ L^j__ jjju L*jL 4_yajjj__*J1 4jJj*_M Lj*L>Jl j\ L_£ )j__Llj Jju__1 
J>-jj iOct-4 -C_>jl __4___u U*-** : JI A * jjL_4-_u fj\ _jj _>>a ^iii iiii I ^ 1 1 >*"*■ 

^lj Genital Ridge i_A_-L_JI 4__LJI __JJ ___. juu 4_JjVl 4_*j->-»JI LM__>JI 

__L___JI £jj L_----_- J£ *_£_"! ^ _h_-J_jJUj J>-jJ1 ^__ 4 J.n^tl _JJj JU-J __!_-_ 

4_>-L_- Jl__ 4 jj ji->- 4_t_c j__v L^ V ^ Jjulj tj^>- L4I4 j-Sjj Jl4j . ^ TA ^ 4j _____1>JI 

.41 .-1,1 JjmrtTI ___ _;j_L_u LSC L^JI jl__>JI 
j*j-JI _ya oLx_jVI ___ ijlu Gastrulation j j tll _uj_J l.Ur jL^ ^Lc J£Ajj 

_-^j_jj . Ljj_3J (joijL-JI j*jjJl _-3 jLnJI ___ I <a *i j i ij-_-C _-ujL_JI ^jjJI __IJ j___C j_jIjJI 
(^jjjjjj^lj ^_jjjj3_dlj ^jjjj_SuVl) "L^jjj_>JI CjM-JI CjI ji iUII ujSll) 4jL_jJI ;>___ 
Jj___u *1_____ Ij 4_r __!! l—1 "i jUTl oJJt )jLjj ^j . 4i i>iU jl ij tU jjUI *>jj oUj 
jjLo-jJI 4jI Jj £jsj .4 2 ; L_ J£ L^Lkj _j_-L>JI __j1jjJ1 ^__}LL_U _, i j >J1 j j j t"i!1 |CjjU n 

c__j __!_>. J-oj-j >L_ (jL-j _;j__-1j _L-*j cjLu_>- Ijlu 3jujl>J1 LjA_>J1 jjiCj 4j1 jjj 

_y0 ^JJ J flUj 1 <tij^- _tJL5_jO C--5J _-_5 JjJUU 0_UJ>J t_j*>LoVl ____, jL-JU _ jl ^JJJLJ» 

jjjj 4jj*Mj jLuI CjI J 4jjjj i4ijt a 4jjI_v_4J 4_uLoj i__5jjJ_>j 4 i j t a 4j_u ___ 4 ijt a LjL*. 
(j-a ^juJJ (j^>rt*ijj Lau-S i4-iL*_. J^ 3ljj l__1_ ___ I Jljju l_JL__ jjI_ (jr^w __2 jrtJL- J___U 
___ J^-u Vj 4_jL>J1 ^j-A ___ J o t j '3 4_al M.il J__Jlllj 4JLL-I ^ .mIUU jrt3jj_J1 4_-jJ9 
.( nl*iV<i J*\ mU k ,'J7**i">j __j1jjJ1 jjaLjjJI _>__ J_-lj ^JjU (*^J i~-U_ 


'»jrS->)lV> JtII 


jl Y • * * ^L_*Jl ^_^L_J1 I j ^jJj— lj j__ 4jI " < _-_- Ci; jlj > • J -L_-bjlj 

:__Jj l__£ LjL>J1 j^a 4 irn <r> V< o ^l^jt __Jl jjLajJ Cj^LJI CjI njU II 
LjL>. : _, U t"i l__3j___j 4 j «wjL>JI 5 jij i ->J1 4-a-j-laJ 1 j! jJiSo^ I 5 ^ ,U 
3jJJ1 i jryJI 4 i„ \ r j 4_jjj__Jl t __j_j_L_Jlj _r>^>^ 0 ■ m tll jl 3 7JI 
4-ij-uVI LjL> _JJj£j (l_JJI uijJLJ ^3^) 4jjJ___JI 3j_Jlj t 4_wl__JI 

-J-jjI ?- ",11j ^uiU 4__l___dl 4jjL^kJI L>L__*J1j Neural Tube 4 , ^ % H 

* 4-j^kj. miII olj_L_JJj 4j__j*_M 
CjJ^ in r ^Utl lJ_j_-_j _, U i njjl 4 j 1 j i*»J1 4 <i , U H jl ^jjjjjwjl 4 7t ,U _Y 

4 ,Kj «11 i>> tTlj 4 j ^ll *Lj____Ij jLJLJI t 4__J_J1 t ,_JL_J1 

_— Jjl irt t Tlj ^UajJlj _j-_jJ1j |»--1j Ut 11 _, rt*)j t^l i J U _JjL___jJlj 
. J___*JI __jjL>_ j Ujl _t-JI 3j_aL-_JI 4 ge i ii i VI jjri t ij 
Lj^L>JI ^UTi _3j__, 4_J__ljJI 4_JLl1>JI 4 njUll j! ^jjjjJuVI 4 njU _v 
jLg-stl! 4 ;U .11 4jj_4__II LjL_»J1j t 4_j______$J1 3L__J1 j __t <J1 4_J__JLI 

'^LjJ^ mHj t JI-rUTIj i4_L9jjJI jL>-j 4_t_3jjJI SjJJIj J iSlllj ^i.irtnTl 

.<jjji 4jiiajj 4_j_.l_ji _jij__u ash.ti 4jjL4_ji LjUJij 

_-_ LuLoj J-*j5Lj _-j-- _j---JI iin-k (j-J-JJ 4 t i im T I ___J! 4ti iii II j$ i»,1 lt^J 

_>-4 1 1 7- j 7- 1 b j L>j_-i LjjJI >Loj jLj-_>. jL_U jJj ^»Vl ____> L_j . ^-jL^JJI 4____ 

t SjL_____-i — jI jlo f _j_-i p "1 j 1 (i L-4J ^cjj L_aj L^a L^JLLUj (___> _JjJj (j I jjJ 

.(j^_JL>Jl j 1 11"- 1 _)l_r 1 in'^ 

U L£ ___Jl j ^Liillj __«LJ1 cj_w_*JJ 4jjj_L_JI 4__-.jJ1 *j_a J_* J jL__ j^ 

JL-_-u __£J 4 j IJj>J1 4_j__ j->J1 4_ti_»JI jjjtj ( rtj^Cj i^-ILaj ^jjl I 1 a Ir t L^_Lo JjV 

SL4____ll ^jj.I L4J! 



1 


4^4-_\W__-\ 

Qji i_Jj__ijjJI __J^ -^l 4_jJ_>Jl i'A inj _L__ (j^lj 
<4_uL__iUj 4 aW -*U u ni^H JsJ j-* J>U- 

_-__. 4_LL_JI 3jj _J1 4jjJ J*l £ _---! — -* "^j 

L_t ,1 j; .3__jJI ^ Jjj-UI jlj _ll 4l__lj__4 

__£< Ijlij__>_j _ I j_>- Ij ^ j .o " *»" '' _)' lt^ UJL; ^ a 

J->-ljJJ 0jL_b _ i-^ll j <j___ ^j-y^l >Jl jJI 

JjLajJI <~'J ~- ^.4 4 i j * a 4_>j_« __11 "TjJjJlj t 4lnilinU 
"u1lL>JI 4 jr Jl^Jl4jJjJL) LajlLc _L__cj ____- i jL_Jj 

J___j _ 4_uiju>JI 4_i_>Jlj . Embryonic Stem Cell 
j-lL ^\ <Undifferentiated 3jjU__- jjj_ kA^ _ ^Lc 

^.jg-». L_j-L_ I J-v 4___»Lx _j___3 LgJ i4_____x 

<__. 3jj__JI _ j-l-JUI __js- LgjjJj 'Jj-i--! L>L>JI 

j i "> L ^jI I ^ $ t L ^ ' " — > L L "****' I j l j **t j i ■ * I j p \ < 'f a i ^l 
j-4 (Jj__>-_1 ~Jjj_'l ^j <, > t___j _____ L_^jJL__Uj 

___ 1 ^ir 1 oUj ___-it_ ^-oJI >4 __ V lU L,>L>JI 
4^jjj_>Jl _jL_j__!I La j \\ n fl ^-jJIj t4 njlnjJlj J___JI 
J__|j__| L^J j-alj-JJ LrH» -J-jj ( _J>L_Jl 4 jii )y\\ 
udJj JLlx ._JJj ____ L$_->Jj Uj_i_>J _-_JI -jIjjjUj 

jl t-JiJI LMJ- __JI jjUJJI j Jj_-__JI __!_ 1_4jjjl_- -tf>_t 


^ dJjL^ V L$_i Joj .ijSlAj lJl&I LiU ji j_l_>JI L>U jl 4j.mtTI L!*L>J1 
^ SjJlUI *;___> jL^ L_JJjJ .placcnta 5<hm.U ojjSJ <____ ji u^JbtiJ 4_i_»-jL>JI 4jM.f VI 

^j->J ^jjjl _-!] jjLauJI jl Jj_*_JI __!__. SjJLdll 1j£j i jjLuj (jl (jjj ^jjs j «i"in<ll jjL£_J1 
£jj L^j^ t *»■ tj 4jjft"*tlj jj^jJI 4 tiio 4jL>J1 oJJb (jl^tl^j t4 m<nV"iU L^UJI (jja 

.The magic cell 4jj-tm.11 4_Ji»JL UU^i ^yll (ji ____>. t L>L>JI 

Qji LJ JL»V .4^1 jj>Jl L}L>Jl (j_-> 4j-CjjJI _>jL__> __JI JjaIJI 4 4j9j--J, (j£J 

4_\I"hj Laj <<_-Jj-/1 4jL>JI ^jjC (jjL__JI J <n all __-_! (j^aj-C. Lc jl i>i m.I 

4im>ll 4_jl>JI _>ju-> (-(jo m> ijJJjJ . UUj J-«-_> tlry^ ^LL^cj ______ 4_Ll_i 3jjl_U ^ 

4jnj< J^J (jl ^jkn.."ij .Totipotent ol jJ-SJI SJUL-C 4_u_. jj>JI 4_lL>JLj Sjl^jJI 
. (1) (jJIjJI J< m.II ____ LajjL3j 4^jl>JI L}L>J1 L$j__ Uj jl____>JI L^U *j_____ 


\ 4L-l£ <^J^ LjjL-. ^j .L&La ^yJj^l L>L>JI ji 4^IU ^JI 

j J_*L£ j_J_>. *L___cj ______ SjjLa .Totipotent 



Pluripotent -_i!jjl__JI 5j_J_.lj 4 jJ -lL> ^ ir'u LjL_i- 

4j_a______il LjjUJI £-^*>* ^-Ut" f_J -^...i-n _. U t?J 



^ y __Js __.*_>. Multipotent __iIj_l_JI _o itl« 4__JL 4_u_ j-> 4_JL>. 

) j SjJal ^ 4_u_.a__w 4 jLr- /)_a _ 3j___i,Lj_a ^_j___ 4__ujJ__jj _ j_^s _M o 

/ 4_____j___Jt__j_ L^Liw ^Utlj Lg i_u__J ^ Irktl j^ i n" ( n a _-J*J iCjIjJL_JI 

r ^ i n.il l _______ 4_tJL 


* £tJ j . . . 3j_J_____ t 4jj ( ^__> s JlL- » t_J__ 4_ 


L5Li. 


Unipotent 5jj__JI 4jjU_i 4__JL L^L>. ____j 


L^l-3 U_> . -jljJ-aJl 4-UIS 4>. nlll 4ir>jji tl j-4 ,.u m >Jl UM-W »j-i_j 4_<U r -c____jj (*\) J5__UI 
3j_l_JI -UjL>Mmirt>i"i 4 4_Ub LjjL> ^nrti • L_>jj-_-J J-^lHJ 4_ra>JI LjjL>JI 


Ajtiill UUall 

Cjlj L}L>. __JJ ^nnil 1 <jlt >o 4 , ,r>^tl 4 jl^TI __j_ 4jLaL_JI SjjL_JI _0__j 
-jIj M.r jj^-J ___>j .BlaStOCySt 4_-jjVL *-J\>-JtJ La (jj-.ij OJl^a JJLC. 

___< jaju i3>- 1 q < ^ t » ^lj-o _--J1 <3jjL*__LI jjr j 4_2ul U*it,lj 4_£jLiiaJU LjL>JI 
L}L>. _ Lj>__>J1 ojl_ ,4wojj>U Inner cell mass 4_J_>.| jj! 4_jjL_JI 4l",<fl 

jt_J ____>. _v> L^Jj-j.. ^LlJI *U1_JI ^ltn", ,„l - 4__J>.1jJ1 4_jj_>JI dJ__JI 

L_j_.jj ,4 jjji-sll 4_j_C ___>J1 LM_*JI g.1 <iUT1 L^jic (3--sl JL£5j tL >L~jJ _»j_4_C 
LjV_i__i L-j-j-jj (_--JI I {j i^>M ua -^*- JL___3 <jl <jj J j onn/a J_v__iJ j i", 1 1 _-_3 
^j-4 _ 3j_i____3 j__l_» SjJL j h>1,I 1 g", r Ijj Juu _ I j i< 4- Lo-> . 4 j *,j "f-*_ 4_j__ __>. 
."i ___-! jjl «i n j ^ i .i n 1 ~i L^j 1 1^J_>.jj_ t j_>-i L>L>. ^jrtj 1 , r j j --LcJ 

. ( " } _1}_JI b>U(Jij- 

jL__jjAJ 4_j___. j_>J| L>L>J1 ___j __jl_> t jL__J 4_j__ *\ >JI L>L>J1 ___ _-jl>. L» 
James A. Thomson __, ,„ -j. o»«iy _-_^jj_~_ t 1 fJL_JI 4j___Jj_, ^ <\<U ^L-JI 

4j__J1 L>L>JI _JLA j j , m ajj Jj-C (_-o>- i_)j__J_Lo _ <jj , ii , njj 4__oL>. ^yS 
3j____J J_-L_t1 j-* JUJLjlJI __J_ C_Cj jj 4__4jjl ____ 4-_J_>l jjl 4_jjJ_>JI 

1jJl>.j L*__ )__c_jj _jj_ _>_« L4J 5 j j n 1 1 l_jL____JI __1c 4J___L_-a < " , 1 h j i4_ujl_ 
1 {j 1 a < , 1 Inj i <i rj - 4 imn V"< <t 5 Ju J->- LjV-_- £-J jj I __J1 Jj__— _j _)l -^j U"< , „~ L£_l 
L>L>Jl -j-a l_UJ__w Lcjj u U t "i 1 ^ i j ^ 1 1 1 g t- ai-jjj j j i" ^jU --U-J *-_J_ 

) U^__j v L____cVlj-__l__JI L>L>.j jlL>JI L>U^ < 4.,^,r.V:,U 

i_jjL>- j-jJlj _jlnt" (__jJ! t 4jj_a- ,n11 4_J_>J1 _*JL_) jj£) I »_jj-__a_ Lj__ J ^jSJ 
. 1 fljlr Jjju__>JI ^JjLj 4_____ĕ i_-ljJ-i ljI LJ JuV 1 jj 1 JUJL__j pLi-_-u ___ Jj-UJJ 

4jr, L>itl ^Lj-LWl ^-ic Jj__J->J1 je-JjLS 

l^jJI ^jL>. oLujJJI 4____jjj <. ,j,r>V.T 4Jjl_*_« Jjl ^ AVA ^LJI ___j • 

tJ i ."^yi t_-xjLi j& j_j__i_ji jjjj_> ___jji jji ^L__i ^o<\ j-L-ji ^ • 

.^^jj^j^I 5jLa__tl __)LVjJ1 ___3 -JJjj 
J_C_j 4__ljjJ! JL_jj (jL_JI 4_i_____- ___5 _)L_oj_-^ __»1 JLs-1 fU \ \*\ * ,-LtJl __j_ • 

Embryonic 4 jiji^TI 4_i_-ijj j__>JI L>L>J1 j__> jLL j-__JI 1 jla jjl_-__- _j' 
.4_^jl>JI L>Lt_l jjl-o^ __jL>.ij tgerm cells 


Bavister j "i j '«ibj Edwards jjjl jjl jULjJI j>_La_i \ \\A ^ LJI ^ya • 

.j_j-±_>JI (jL-ii-J^/l ?_J_ij^j jt-Lolj 3j_a JjV 
jL_S 4___ijjl Ji>b ^ 4 iijiv 4_i_iLLj_ui L_0 rt ^ 1 W *^Lm1\ ^ • 

jLJI I Ju* ^ 4 jr 'v y\\ L}L>JI ti^j) ^ tchimeric ,UjlV jLs <rL~J)/ 

^cj .j I-»JI ^j-joLHJI 4____ljjJ Uo^-aj O-g i V 1 t-_lj (jn T jl < Ujl^Jl 
.oLj-__ij_ajj__JI jy- J_>^ i . n U JJuJI ^.JLc L^j1^1>.1 Jl_i 

3jl^___I_U 4<UU t> ^JUJl «^uLi J_iL Jjl jJj 1 \VA ^LxJI • 
. Louise Brown jjl^j jJ cr^-^J ^Uaj^JI 

jjj iU 4__uJL*j LJIj "i M.l > M )Ll J__J__ Jjl jJ_j ^ ■ ^\ t }\ ^ • 

.Candice Reed jljj ^IjJI^ ^jGj 

4 jiC \y 4_jU ^jL jLoj^J jnJjLaj ^LjjJ »U1 aJI Jjl___». ^ \A) ^LJI ^ • 
^ Uj-Cjj pj *jl___ 4_ajjl j_a 4 jl^ljJI 4jaJUJI 4J__£JI L>L>. j-* 4 j iji^ 
^I^j! ^j fl > ^jLc I j 1 1 n $ iOljJLaJI 3ju3l^ 4 ji ji-w 4_i_c ju>. 4 jlV ^ j j "i ^ U 
J^JjUJ 2LJjVl ^jlj^Jl oMjJI o_-_-J_-Jl ^ £i_j ^l L}UJl 

.jL£ ojjI^jJJ ^JLij (j-^J^l s^-jl J_-Jo Jjl jJj ^ "U^ ^LJI ^ • 

Andrews, P. W. jjjjJi ^JI «Jl ^SL-J WAA ^JI WAi ^L-JI ^ • 

Embryonal 4 in^ 4_JL___ j___-u 4jj_-*ij LjU. £-__jj ^ ^,". .11 4__ujJ9j 
L^Li^ j-^ dJjj *LiIiljj 4-^_ulU"i ^ ojIjjl__JI 3j-_3lj carcinoma cells 
^ iTesticular Teratocarcinomas 4JL j ,.,",U 4 j ^Jl 
4 , ,V» _j>U. ^JJ o^j^ cJj 5s .oAjjIj-.j^JI o-^^ ^Jl L^L_>JI 

. (trj iY) SJjLiLI L>UJI ^j-c Lci^i c_-J^j 4j,,^ll L>UJI 
^J^L-u jLU! ^ ^>Lajj Pera, M .F <J&\ lj__u ^lUi ,„l > ^A^ ^LJI ^ • 

^j o % I (j-jJlj t 4-jj LL> j -- u 4 j i j i^w 4jj -lu L>__i- jja ^j^jjI t "i c L>L_>. 

.aJj^I 4,.,,;^! ^MiJI ol n.UH L^JLc J-^J ^l 4j^jVlj L>UJ1 

djjj__*_-i 3jJl3 Cjlj L-pi LcJb i JJuJI j-L j-_lC j^j_-^ j_a j(j__J 1 lfl c ^LLa j-CJj 

j^>JI ^ ^unjl j^uUl ^L 
LM_>. J*_>- (j-^tJI 4__j>3j Bongso, A 4jI ^Ju^ j^LcJ ^ j»L_JI ^ • 
L}UJ1 4 j l-u LjU- _ r. m.nll ^ _ 4jj r,n\\ 4_-jjj>U 4_J>.1jlII 4jj__JI 
, (i0) Fibroblast <_JjVl jlUJI L>U ^JI jjLJ I^juj i4ji ji-^JI 4^j_>JI 


^j^ 


\jr 'v ? H LUaJI 


Janies A. jj .„ -Li 0 .<* j > U" ,„1 \ \\~\j \ \\o f 11 ^ • 
j-a u 't x jJI 4-Zljj__ij jj ..i'i<i,ijj jj____pLc Thomson 

4j^_L_v. Lj}U _-J_j .4 o jl ,,, 4JU <___ J>j-_U 4j'ji> L}U _-___ Jj-x-__>Jl 
4 irn m^^io ^IjjI ^-Jl Jjj^jj ^ySJ 3c La£LJ I L^jjJj iOljJL_J1 3jJ-1j 4 j m 

cj! n iUII j^ 4jjL*JI cjVUJI ^ 1 Ir Jj.^i >JI ^jU",„i) L}L>J1 jj* 

(jA 4 j C JLj>JI L}Lj>J1 ^JJk j! 1jjL_>.d Jl_3j (__)}L-J1 4-_JjVl 4 jiji7.ll 
ry* \$\\c Ijl _-_JI ^LLj-_JI 4 jiji^H L}L>JI __U_ 4 j , V) dJj^-SJI 

L^UJI dJL_> Jj «r>*fcJl ^___dL jijJjaj-j p^l t^- Lo J-Aj • ^ ^ (jL__jVl 

. 4 r ttn\ jL-uJ^I _j_4 j y V 1 1 ^-S 4 jjjj^ill <jX.Jl>JI 
_,__< 3j-_« JjV j t4___jj^£)j L_____jt ^jj . „ ojj (j ,1 o j (j->-*J \ ^-LaJI <_«__ • 

L5L>J1 <j_-i 4jj uj 4 jj ji-w 4 j r j L^U. Jj <n -^ll ^jj3 1 jjjLJI 

__j_ JiiLiiu—a ^j^a jL>JL_»j LL_> _j^->*jj --j j-Ul t 4 gjj}U 4 j 1^-1 jJI 

^LL . .11"«" 4_jj mi .11 4 jiji^H 4 j r J->J 1 LM->J1 0JL__ .4jj m ^11 
t LLlcI _____ L^jjJlSj ^j o"n L^jI Lo_- i JJ— _J I J-«L_j I ojl i M Cj Lg j___ j_-a jjfi 
Cj>LJ1 4 j l-Jj>J1 CjI a iUII £_L__ ___Jl (JjU^I L^UJI jjjjl j-j-^jk 
CjjLfcjj-> jj->- _>_U_ 4 , „ <Tt ^LJI ^Sj .^" * j j-j kll <^__ jJJjj 4_JjVl 

L!>UJ1 j^L^ «I .m, -j L>UJI _____ Jj.n ^JI ^jjo John Gearhardt 
Human primordial germ cells 4-y>j_j->JI 4j',ji^J1 
3jI_l_j _ SjjJai * i , <rj LJIj___ol ^j-A f.\ o Ull j>js ^JjjJa (jSLoj Y * * * ^LJI <___! • 

t 4jj____, 4_l_1 JL^. ^jiji^ LiL>. ^-ic Jj m "sJI ^ys - BongSO, A. j, .,t'tjj 
u \ tlU"ij _jr)->-Jj jUr I (4-jOJjMJ 4-tii-ljJl SL-_jJ_JI L^L>. ^j^o jJJ jj 

_._£. 3jj-t "U L^jjJlJsj L>l__>J1 (? jj_ 4 jl r 1__i r,"< j"tj . J__L ^_jL_>J1 ^JI 

.( tv ) 4,n^^m l^uji ^ ^j-wi ^i^^jUji (*_ f u-jvi 

L^L>. CjV5L_- (jjj-J-.Ij jj im o jj (j ii o j _^jJ - i < r> I T * * \ ^_L_JI _-_! • 

r,fl,tV",„1j ,4jj r ti .11 4jij i-vJ1 4j^jlj>J1 LM_*J1 j-a jujljJJ Cell lines 
L>UJI j^o ^jJ-i ^1jJ( __J1 )jU_1j iLj^jL_>JI L>L_>JI ^jla Jjt_>J jjJo 

^■L-j^ tjjj--» >Nt .11 ___! »1 ojjJl Ijuj . j ■" kll Ji-lj __-i 4 ,n .r^>"U 
L^L>J1 Jj-js L4-JI ^L__-_J ^jja ^-Jl l_4__u _p3j__u 4jj___j 4 -r , „ \ I j L^L>- 

. jJJ ...^L^SUJI L>Uj l-JLSJI L!vUj 4j,,ntll 


t f ^ <_c ttell bU_Jf c-W j*__-l 

__£l (jr^i ^ J ij i?JI 4 j r Jl^>J1 4 j |-*>J1 ^jj <jj I I i q I r J^jI miTI J i^i ritl ___i 

Ji-L _-j*j L$___ uj-*" , ,i*q "LajLlJI jjtn mll Lal *^-SM ,\ m->. J_-b 

.f_M JU__>- £jL> <___i tjl M^VI 

*>j_* Jjl jj! t4 j f ___»JI "Lj_L>JI 0 lr J ^ m vJ I j-JjL _><« LLglc L*--J 
4 ]rt i nlj-J l_x_ L_* 4jj __j 4___ jj I _)_<, 4 j ' j ' > ^ i f J— ^ L*>L_>. I <j J J j___J 

l^ jlr J ^ <_L-J1 ^p-^-JI 4__bjJ-j Bongso, A. j,m;' w 

^ J ' J .' JH J ^jL___ t \ WA ^\ _J1 __J_ (j J 1 m aj-J _)__» J 1 i *^ J I 

. (tv) T • • • ^LjJI ^ ______,! \ 6 jlr I^Wjj ,M<T^Reubinoff, B.E 

1r I fl"j <i mj I w "i r I j j j L*>L>J 1 aJJb J j-c 4 J o r ^L>_i lJi_5 jJu La j or j 

cjLscj^I <","< i**) I jl-_Jj .^Lc J_C__i±j L^-_JL>.j \ ->!>L--j » L^___--j 4_~-jjSM 
cJLS 4__-____>Ijj 5 j j , < L}U- cjIj ~l-*jj*-I ___L_: UK 4_i c-ijl -r "Mj 

3*__t_> l_jI_ "*U£. Jl>JI L}L>JI l_Jil_j t 4 l^ , „j Sjl^>. 4_c I j jj I j Jj-*J1 4 jl or 
_>__. j_jIjJ I 4 i j"*? ____ j i .i ♦ *t jj 4 ~r *'r>jl Lo IjLAj i j-jLa__J1 (jr-_ 5 j , * n a j 

. (1A) j i" >, 1 1 ^-1- 4-dJj Vl CjI ■ *",,„! 
(JJjjJLl (j Ij_l_>J I 4_L___ I jj 4_jj-_Jjj 4____jjj l__L___>-J 4 jl n r J o"^~ LaJ__j 

L-jL____>.yi 4 j U r ^j-4 "_______ TO jl Ti jlaj j_j,.v ->"tLj i4jj_±_Vl J_>-I_i 

liji^- jJUj _--*J Jj^l ^-1 , m n iVI (_-__ 4_jj____*JLI 4-___jj_jJI j I l_jj_*jjJI 1 Jl_lj 

. ( j___jj_>- I j 

_ l_jL-_l_-VI 4 jl nr ^-i-i "LcL VT ( __-___ja Jljlj ^l - l_JL_JI ^j__JI _L*_j 

->j-A ^Jaj tMorula "LujlJI 4J_>. j^a 0 o , ,<" j * LijLoj L>L>JI jjlc -t j ,r>j 

^\ m 4 jU r Ir 4 i ,i ii m 3j_J__j___JI ^-Ja _/_i_>Jl ^-j *j >■ Iju_j 4JL>.j_ll 
Ji- Lr^*_ '-^J * I ^ j n t" j-J-iilj ^---cl J_> lj— ^ ^-JJ L_jjJ__jj i_»L!>L>. 
LL_u jL_JJ 4t-jVi lIU jj t Ljj--l* u ^"i^l JlS _ jL__>.VI 4_»j_tJ I Jj>I Ji _ ^\ 

4 l-_jj-JI ^jMjj". j ,,, _.__ jij-^-jJLI ^jyjj-) ji mRNA Jj^u jJI L^JI 

(L__JLj ___5 4__> j tin o I JU Jl_j l_L___JI (j_L>JI L*>L> _" in"l" j_)ljJI ^-jjJI 

.(j_-_-J _-JJ _^-___AJ 


J>^ij$\ JJ_« _^JvJ^ 


W-^IUUiJI 


Juu ^qj i Lj>L>JI j>_a J_£ 4 iU n <"m ILajj _1 lJljj>J J «h^j _>__>aL>Jl (»j-jJ1 ___ 

3__*_ l.\ j _j JLua-^j^l ___ Inner cell mass 4 J-Jjdl 4ujL>Jl 5_c__J1 ij___i l__Q 

^jJJj j-Ljj3j^J_!1 jl 4_*3jj>U 4 j -wjL>Jl L>L>Jl 4 njUj u_j-ju Lc 4_£jLj i J_~ljJ1 

__ia LMJJ1 JuLjJ _ t Jj_ , 1 4_*>LJ1 __aj ^jj^L .U ___J1 ,Trophoectoderm 

. JJO_>Jl (j_J>Jl 

J nH ___. Jj__ j_a Lj_£o L_c___) tjLc-Lll ( n U n "i T _£JuVl JL_Uj Ll_bj 

^Jj^LII cJajJI j_- ____j__>JI ___aL__JI ^j-jn <_>_-« I — >J1 ^j-j-JI J J J 1J *(J^ — «-^J I 

L^-La J j __a_3-JJ LoLoj 4 j ( .il i - 4_ojj >/ 1 L>L>- 1 <g j £ jj-L- ijjL—M ^j se i^Hj 

___J1 t j ju^JLI <___* Embryonic Stem Cel ^ini-JI ^lj-_Jl_>JI L>L>J1 _____ 
ij\ in*)^l __9 L_ojl__ j_i_u _-iJlj i 4-i_L>- 1 jJ I 4 1"< T 1 L>L>. _j_j 5jj * i a jj£u 
Y • • _>* 4_jj_U1 (4__4jjVl) u_-JjJ1 L>L_>. Jn-i _>-* i4 jl^. VI __J1 T * j_o 

L>1 >. ^nl V _J1 4 j I __Jl L_L_> j j __j jl i j y j j 

4__j__*JI 3 j^v 4 jl^-ljJl 4uj1_>J1 4_Li_J1 _-__>. Trophoectoderm 

^\ J -__j «_uL I ol L>l >J1 £»j__> jj 5*_jj . I w jl r Jj ><~t — >J1 (J^ — _«J 

3jL____jo ^ _____>. I j- 1 JlJ__1___ L Loj J ( jJJ ju ^j-O L> __>. 1j->- L_JJ__L__fJj___LjO 
i 4 jl^-ljJI 4_jj__>J1 4 h< 1 1 jj-_>Jj ^j-jJjI^j ^Jj-jJI 4__l_Jo ^o____>u ^--J 
£j 1 j-o ____ J^jjJ 4 jJ-W V 0 j V • (j-u La _---__ < U rl'^ J m>'i ___ j__u ju jJ__J 
__JJ j j mi'i (jl JljV L__bJ • 4 4 j r J— >- L>j V *s j o 4_j__>L>. 

L>! >J1 _--L_: J______*_j _--vJ (j-L__>J1 ^lrr i l_LJ ju L__i I j— _ J t^_^__a ^ (_____ 

(jjjJI JL_>-j JjrlJ 1j j ■ < -^JL-^ j-u-Jj _$jJI j_- aVl j_Aj ( 4_La 4 j r j_j>JI 
(j_>o JL_>- > ln t nj _-J- L>i — >J1 tfj-_b ^jjJ ^cj t^o-jbj j fj 4 — __L___J1 (_>___uj 

J-al-Sr ^Lc (j-o j_— _il jjSL- jl_s 3 jj j-aJj ___J Serum ^jj _J1 jt J---I1 

^--Aj (J>_)La-__J jl jj J j-a ^L______jV1 _____ L-^JjJLJ- (_____ *L____ L_>JL I J-- 

L$jjJ ^\ iPluripotent l_>Ij j _J1 SjJal j L>L_>. L^Ju j i 0 i" cJljLo 

l_JJ_> 1 j) Lj>L_>J1 ^j-o ^jj (_;? __J1 (j_a — ____st__J1j jj I <i j 11 _-J-c. 3j_X___!l 

i " i J l" < u t, 1 ___ 1jL-J_>- J O ") L_4-l 1jJV >-J ^__ 4_l < ■ i J ?e t 11 J , L_U_ 1^14 

) U __SL-JI J_-_-_I1 j-o __JL>JI 


JJ^ _^-N~^ 


^l_»ltbU-_ftl»-i 

J J->- _i j) mii 4 J r J j-J_Llj- (J___i__j jlj JL_5 ,3jLuuJI L_Lj JL_>- j J^L Jl_5 

4j_-_j__>J1 <uL>J1 ^joi ^K"'i fj\ Ljjl LL>! .4 j m i ->J1 4_i£.ju>JI 4-J_>J1 
(_-__J ^jLSsL-iijJI J__jj_J_ ____ Lcj . L_£_ L____- I j-a ____ La LLx_l_i j i^-L__ (J__-__ij 

(_-__-_ L___uJl_>. Ljj-_Tj J___ ____' (jjj . « 4 i r j_->- » ( . f hT 4 j 1 (_£? _^ lr (j 

U-l Oj^ l^jlr __> j-_>. _uL*__>Vl (j}L- «4jM^tl 4^__jL>J1 

, 4-*jj_£j 5j_c1j 4_iL>. _4_l U-b t( Jj->.Vl 4-a_c jL^Jl L}L>JI £yi L-j_j___ J___ 

_-_-]! 4___ijj____J I < . l-i jl La j ,\ <<~i a l_— — — Sjujl-c 4 i r jwj>JI L>L_>Jlj 

*-* j i r\ ^ Jj-_ _u (--___ J^ mh __4__4-jae-L__J « I ^ jl r Jj in -rll Ci * V V< ml 

. _4_a__-V 4-i-dL- 

I _i_j ,-rj u-iJl L^Lajj L^jLSL- _____ ^LL 4-^_jl_>J1 LjL>J1 »1 oUll p 1 ". «i 

:___bj l«jjlr Jj____>Jl 4__uu_>j 4 1 ^njUjj L_jIjJL_. (_-ic cL_j 

Embryonic Stem cell tJ_>5j_S-^t aj M;yt^L-__:\yi bi-ij*- 1 

_ju <j-o j-i- jj _ 4_j___ j_>. 4 jl-_ - Sjjl o *i a j_x__ L^Li- 1 \ olr Lo_? J 

(jwo ^Ll 0 __J| 1 j-*__ __£■ 1jUJL>Jj .4-*jjVl ^ 4_ii>-l jJI 4jjL>J1 4i__JI L}L>. 

4 Ti < H L}L_>. (_--_-j t «-Mii^Lj-ijVI L>L_>. _y. L__j__-1 _>_Uj L » < *jru>JI j <■ r 
3jJl_JI L$jjJ L>L_- _-__ Loj-*_-j 1(3--^ jj-3 (j-i _>SJj * L^_-_j 4_ti_-ljJl ^^1_>J! 
SjJsl ^ L^L>. LgJi _;i iL_i_j___j L>L>JI ^l jjI ^ <. ^ ^LL___jj Lg___ _u jujl_>u ^-.Lc. 

. Pluripotent l_jIj__-JI 

Adult Stem cell^__tUt Su^-a^* UMi^i - Y 

jls jj_L Lqjulj _-_>JI (jj__JI ^j in) (j-o jJ- jj ^^jJI 2u_c j_>J1 L>L>JI ___-J 
Jj_____J| ^_j9 i r n L_fi _-__b j *j-JL j-dsj _£l t j>j o r ^j-o 4 j lj 4-L>-jJLI jjL>u 
i LaLaJ 4 inii^ 3jjL_4-_-4 4_a____j l _-_£t Jus-jJJ tSjjl t\'tc j j r 4_J_>. ^UajLoJl 

c_J (_._» jl 4j_-jJI 4 j< . _- ^-Ja jl jlL>JI (___. ji ^LL___JI <____. (___ jL__- La> jj-p-j-^ 
jjj_>J _____ L^j j__x j-a t<L-cj_>. l___J 1 _ jlr j-L>. U-4j .Teeth pulp ^jl < > nVl 
j-4_44_>. ^LL__c1 _-J__ Multipotent Sjj, % ii\ L_^jjjl_. ^j .51 j >J1 ^jla I w — 

jj jjl L_j jJLscjj .-_______J C-4 . 4_t__ (_-_JI 4_-u_-j -r j i n «II 4___-_-_jt__11 LjL>J1 


W_^IUU_JI 


4j^jJtl 4jj jJJL l_Jj_»j 4 j 1 r>L>- ___ tdj jl^-*. j SjU^S 4 j m \ V t L_j_L-u __JI 

J>n oJI <___ J j .r> n"TL L$JjL_j __j__j * Plasticity or Transdifferentiation 

. 4J_LJI 4j_j_>Jl 4_iL>JL ( J __L>J1 

Embryonic germ Cells 4-jijiy 1 j_ joji bjv_yi_r 

Jtn ___J1 Lj>L_>J! ^kt a *LL__I _____ 3jJ__Jl L^jjJ Lj>L_>. ___j 
4 j ir>L*_j jj 0 n L^jI (J\ t _j}L_Jl 4_Jj _ I 4_l~jj j_*JI l-1 5 jJ-JI _y~ L^_ik. 

^j »1 Ur j __L_. L^jjLa _J L___ t Pluripotent cells l_Ijj__JI _____ 
___ 4 jiji>ll 4_j_c Jl>JI L}L>JI £-* L^Ij-lJlI j__ , Luj__3 47- mm.I L>_>. 

» 4 j ij i-w 4 j r j_>- Lj}L___> L^jj n j 1 r\ j _j_" --LJI i"J t * 5 j j ^ u_l o mlj 

John Gearhart __jL_ j j >. _)j_w c^! _^v_ L^ ____£! J _,? £_IjJ1j 

_>*> 4" jJl J t4_j_jj__ Vl JuVj_j-4 4jVj_j j__Lj_b _, j_>. 4___4_>. ___ l__-1_jJI 

4 jiji >Jl 4_^j_j__>J1 L}L>JI ____ Jj_____>J1 _>_ \ \\A ^LjJI 4__jjJ_j j__> 

4__Jj_1 ^^-^jj^l 4__ T _>_ tCy i , __J1 ^LLJI 4 „ jl ,„j 4_UL_ 

4___L>. 4j .U l_jLj__-V LjIj" >■! _ 4 r a 4__>.V Primordial germ cells 

jyaj , (^) j__jLjJ lj _j_laL_>JI (j_--J 1 1 n - I _J__) L_j_«_- — jlj_U _ ^_l 4 -r 101 
j_i£j tfL*>L>. u lr CjjUjj> L4I- J___>- ___J I 4_L>. _ I j_vC _)1 l__b ___->LLI 
L>L->J I _-__ _)j _ 1 djj _) 11 0 j -w I g i a J m -> 4__>._1 j o r _>_- ______ 

.ljL___-}/1 _h° ^L ! Oj i _tlj i^l_j L__ i— -jIjJlj _;jJI i4 j jj j «i_ I 4 jr J_>Jl 

4_^j_>JI ojL_j_j_>. L>Lv LaJ-u i(j_lj-tj-l (JL^ 4^j_>JI _) jnia jj L>Li__ 

._)_l^___l JUU 

Spore like stem cell^LL_»j_»»_li4jr ;Lyt b>_»Ji_ t 

_4JjJL_-4J j j n "<"i t^j 111 i II _-- 4 I i^>j "i a 4__TL__ _>7ij t" L>L>. ___ 
L>L_- L_4_ I ____ c__j__,j t4_j l_jl_>.j ___J1 -j ruiTl Lj>L>. In r j ____ 

Vacanti, M. P. __> ^LSL. j_b L^_i__j _>_ Jji _)L_j ._JL 4jr,'i^ 

I JL_>. 5 j j t 1 r> L>L_>. __L_ Jj----- tj__>. t T • • ^ ^L_J1 (_J__e_JI 4__jj__j 

_^J__i_>JI -j .11 j H LL_J jrW _)_J J-lH C-Ljjj ^L - a 0 _)_» (J_| 1 ^ O TT -> 

4 fr i 1 " V a j_l_u __aj . jJLJI |_-__>JI 4 ? ,„*i? ^j o > ^-3 Parenchyma 


^j.l 


I jJijj i J-ajJlj j j^^M uu^Lill l___.jJ1 j k" 13 L^K (Dormant S_i__"L___ 

tj)J)^ i ii I tj gJ_j ii~i 11 ^j~4 4JL_- <__-£) 4___iJL__-j 4 I . j >*i a (j^i jjlj L$jj_£ <__JI 

^Llj-. jjl^j (_pJI __*jjJ_JI i it i^>? (___. (j _■ j t T I ^yl^. 3jjl_JI LcjjJ (j-4-* 

J_tl_- L^j 4 m i <____ 0 7,jt II ^ki.nl }LU-3 . 4_oLc (Jj->-1 4_jjJo 4 jl^- 

____ L$j? L*_>" * I jl_>- 4-JL__- 3jlj_>- 4-_>»j j cj\ _ 4*i j > <____. jl ^jg M ,<Vl <j_9 

( A"l- 4_>-jj (J-La) ljL_>- 4 rr>nV jl I 3jlj_>JI _jL>-j J J-q-_*o U" . u" JjL_LII 
t (^JLc JLjjj 3 jJL 4L_j___<- 4__>.jj AO 4__>j J __JJ 1 ^ij V , ,■"> j>SL-u Lo ^ 

4 j r jl-jJI LiL_->JI 4-uiljj <____ <j jj < (j*_____^LJ1 Jjl-_*- Lm» )4_cL 

(___S £__UI JLl_p- 3Lq-C I (____ ~Uj__.jJLl oL_L_J1 4 y ..1 jl ____ ~U___ j-seJ_l I 

cjj_^UIj ur _L ! j__*Vl jjiJI jl_>.jj li^jw , LSL_.VT 

. ) . M n ____"T j-> icjL-Lo 

j o <"j ^__*-_>JI _--_ j xS-j L^L>JI -»jl_- _jl ^jj" >- 1— J I jl>-j j__4_l_>JLI (j-j-j 
jj-4 I j j "1 ^ _)L_. tCj^Lw 4JL_a (_^jJI -- j . ,1 ill L5L>- ^IjjI (_-JJ jj I * ""1 j 

_>* 4j j j jw" U L-JJjj ( 4__JL 4_lC. JL>- 4jl^ Lhjl mT I __J1 jjW) J-l1>-LJ1 
tjJLJl -r j 1 ,1 1 II __-- JL-wjj I 0 fl j a J£ j^ "1 4 4 . L-g-_L_a 4— ^ji m,"i a (j-->lj-->- 

4_Lo (jjJI ^-L^yi g j ,,.ilL 4L__=»L>J1 L>L>JI ^ljjl __JI Jj-s-J-j L-^LiK^ 

(jr-U-Li 4Ldj___t_.il 4__j__-jL_>JI LM_>JI _j___ L;l cr-j^L-^ 

*4-j__S JL£)jj (j^jJI -y j i ,1 ill (j__- l__Jj jl ^J^>- -JJL- t J (j-j->- t4_l__j|__>- 4-__rL__-i 
(j ri n j"i j Ljl Ljl L-b^. 1 M,r (jj_^_j 4_LjjJ_JI L^j JL_5j (j_-j ( i ^"i L$jL__ ju J-l-i 
^».L»JI (j-uwat ^--b -rj i.iill jjj^jj L^L_>. (__JJ J j -r "" j t I JLj-jlj L_A^ I Ur 
4jj__> j__3t_jJL I Lj*L-_*JI _> ju_ ^_js___>- (j! (j*Ll_>-LJI (jr> - ) J__->-2 r JL-_5j . I fl jll 
J_al_-JI |->j j j ^J I flj___-l ^j-A (j^ n Ti (j! (j__-__j 4j jjl-__J ! (j-*J_ tljL>. j jtm 

iMinimal genome L^ia-lju I \\ 1 .1*1 J-lLs ^j \±y ->j-^-j (J-_>j-_-_j Lq_- i4_L_> 

I Jl__v Jj1_JI (j»^l tfj-L_---4) ^y-ii j_>sVl ^j ij ^Jl Jj-UI I JuA ^ Jj JL__J 

^ 4 ij t a _____ LL_ j 4jj ^jMjj "1 j 1 M II J_-Ij LjjL-j-_tj "1 jU (____ _ij-_--.j_U 

Jjjwj (j-C (CNS) (j£j__jJLI (J _u--___Jl jL_^->JL (jj m"i>l,l Jg. I . .1 " j JL__J 
4jI j__»IjJI j . ^<_____>J I 4 Tr . > Lj -» jjjwj_-i L__olj Lo 4j L jL>J I (j_-j ^J-JI lj-_> 

^L^I JjJj tCNS (jjj-jJLl (j-i ir-i tll jL^_>JLj L_4Jl_»-j jl>-I _>_i "m fd 

)uJLi_b Laj j_>.j Lj LlJI L-_jj 4_4jL_JI 


^Cj^l jr-« (j£_LJv- 


Fetal stem cells j&LJi jrU^U ^jl>Ji Lj^UJi _ o 

5j mi r J 4_JUji (j-U Lo j 4 1 11 (j-4 J-* 4 ^L-JI (j_l_>JL Jj i il U J 

^ A ^ .^ih-hII 4 je mu! ^ja i fljl r J i^-w Ll_> 4jc j_>J I L^L>Jlj t-_-uL_l 

^yA 5j j i ^ CjI i Jj-^wj _ya JljV 4xj-uJ (^L-Lj jry^- I iii > 
I jj . lj->. 3j-_U-> 4___j-j-uJ jjLajJJ >— J-4-U ^J 4 > (___« 4j_C,JL>JI 

__-JI 4 4_ui j_>JI L!>L>JI j^j Ijl>. I j > i< L»£ iMh j_*_JI I j-* «_-_ 4_>_ VI <jL_> 

4^___j_M j j "i _"i j . - j iii i H L}L>. £j jjl ^jn^ »1 Url (__!__ 4__JL__ SjJLJ- L^jjJ 
4 -r mi ) 1 (_---£■ \ _ya i^tJLl 4j_____j 1 I j£j 4 4_j_jl__l>. J I i h j j o -t i i r>"i i u (j--JI t 4j ini^ll 

.( 0 ^L>UJUjL^ ^U1(jry>J1 
Embryonal carcinoma cells 3j u^yi ajm <y< ^jjJi bMyi.i 

t 4.,„^TI 4______Vl , js ________ j-i_- ^jj _>_-i *"< mlV"nnl 4_i__. j_>. L^L> _-Aj 

jl_vjj ^jjjl c_J^ ___-j /Teratocarcinomas u « , .,jj <4_i_jL___>JI ____ L__>j m ^ 

4-_ulLj _JI L}L_>JI -JlA (jl ljJL->.j L_-v-_" i4 i' in V" tl L>L_>JI _ya JuJl_jJI 
Iju-j ojSLj J__j '3j_u£ <:L_il ___■ 4-j__i__*Jl 4_^_JL>JI L>L>JI j_« 4_>L__jj 4_j__j-L>J! 

.(° ) 4_i_-j_>, L>Ls_£ 1 flfiji in") t . 1 1 1 !■ j_b 
4_i__ j_>. 4_Ji-j 4__JL 4jJ__*. 4_A__ _L>J1 _,_* 4_u_lL>JI 4_^ Jl>JI 4_J_-J1 _ V 

LMi- t-j-j tReprogramming 4jt-«j_J1 SjLcL l__j-jlj La ji l £j__>J 4 

JjLSjLa 4 t aL>. (____* (jO__>-LjJI _>>a (jjj-__ tj—** ' " ' T 4 _! 'J* f > 4 j r JL>. 

j-a _ J__£ ^ (t-^jjJ C-uL^ ^.Ul __ 4 jij i^Jl 4-^JL>JI 4LL>J! ^j jj >■ * 4-j__-jj_>o _M 
4__i__>JI ^ j j j 4___t__-jj I j f ! (jl LiJJj (j_C i4_iJL 4jJl1>. 4_j_L>. ^j_I_l->- 

4_J_>JI ^>J jj > (j__— il i^> >» j-ll_L) J_j4-~-J ^-j ij *w _-JJ (Jj_>_ij t 4__-JLlJI 4j JlL>J I 

. (3T) ^ ji.i ^JI 4_^j->JI 

Somatic "^u t 3ijJJi j__j J_>>-> 4 j ijiyi 4 j r ,*t ^i a->LV< - a 

nuclear transfer embryonic stem cell (NT ES cell) 

j-jj-__j jjjj-L (j-i 1 ^ jlr Jj_______>Jl ^jU" i im 4 j ij i> 4__±_c j__>. L^L_>. (_-J-j 

tjj---l 3|j_Lj Luu ^oj i L^jI jj (j-o (4 j m t - j-j-C j! 4 j L_a V <i ^Ij-l-j) 4___ujj 
3ljj _-Jj 4__JLJI 3lj-JI Jj-r 4>Lla jJ_>Jl L}L__" 4_-JL 4j i ,„-w 4ol>. 


^yi^. SjjL-dJl L$J {jA$ .J_^L£ (jrll^. &LLl£.1 ^jjtc OjJL-UI L4] CjIjJl-oJI 4_LaL^ 

jj Lt^Sa 1 4 <i l"i AJLI j_>JI L}L>J 1 J£ LujJij Li^jj i"< t ul jja 

I ^ i a 5jl i I (jSL^J t ^J^J * Lgjl n ua L}L>J I aJJt ^Jb\ J j -_a allH * Lt^a 

. SjUJLC ^j->. I 
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4*_^\*_*ii4\<*_^\ 

%% *% * ♦» 

jIjl__cI ^j— <-« ^jJ-o ^oJ 4_J_jL____JI Jj tr\ rtll J£ 

4jV t Jjua-jJI I Juk I JL)Jl_>J j^^Ij i4_JL_JI Jj rtU 
i^j-JI (jJ-». O^j-C 4_j_c j__>. 4_J_>. ^_4>l Jj>->- JJJL» 
. 4j iji>H 4_jcjL>JI 4j1>JI ___bj 
^__> 4jJL±__>JI 4__icjL>JI L}L>JI tjlJ. j»Lc J_L__jj 

^IjJI a^LkJI 4jj__:| <__* jl_v^j ^l LMJkJ! ___} 
5 j ajj^l 4 i ii j^U Epiblast c^-M » j >VI ji 
4_*jjVl 4_cljj jj. mi ^-Ul 4_U. J _1I ^ ,Blastocyst 

3jjL-U-4 J-f-^ LM->- L-J j J fl jJJ t^U>-jJI jljLP- 

^ini L_4_J r, j (Pluripotency cjIjj n II Sj-J-lj 

4 o j _-JU lj__c La t m 7JI L}L__>. ^IjjI ^j 0 > 

.Extra-embryonic tissues 

4_i_>. L^l 4_L__.j__>Jl 4_i_>Jl 4 j 0 _____ JL_ J-- 5 ^ 1 « J « 01 5-^»" 

, - . - - , . i* • t - . , ~* J^- < 

( t 1 u"k i4_-ij___ij 4j e\ 1 u3 L_$j? _£l itjH-L>Jl _»Lj_>- _y« «Cj1jj_JI Sjjalj) U^i^ 

.The Embryonic Stem Cell (*) «-ttj-U 


jj^ ^J^» 


Ol j L*>L-. l-$j*_/ ("* J *J '>) 4 J 41 i n "i 1 1 jj"— 1 Jl_J . (jA_L>J i ^yC L$>.|j_>.| j^jj J-A-_ 

IjUK j-LoJJ (j__»J1 ___. L>L_>JI Cj\ CUj tt__)1jjl__ 4 j <i i uJ (jr^-S *4 j tj l_1j JL_ 
jjL__J1 (jt^- L^Jj J-n_5 L___jf j j <Tm LcS j<i"ii ii 11 ^\ , u£j$\ (^-Lc L^jjJ 7i* ) jj oV) 
t"-_uL-_a 4 io i ,n 4 j a im"iTI _*-X_- <jj-L3 JL_Sj . V i.i y\\ L*>L> _ljjl ^-Jl 
^-J- JU.l -r _JLj t I JL> jJiLJLl tjy-^JI JJ-J l_j_JU>.I 4j_~ ^jJI (jlSLll ^-Jl 4 j 111*1 
4 jl o r Jljlj (j__^L_>Jl ^l j-jIjJI ^j-jJI _-_S IjLjJ -n" j "> _Hj t"UojjVl 4Jj>j-^o 
0 \ fi\ 3jjbIjJ1 oL_-_-___J I Jjv ~L4->La 4 j o r _j ____& Li__ 4 j o i u ~ 1 1 jj jl .l_i1 \n >.V1 
4 m i uJ I J JJ— (j_/l__u 4j t yj 4^ I & jj*-1 (j^ 4 t I jJ 1 1 < >i j 1 L-gjL-LajJj 4 jl^TI 

. l-3_-_>1 j>> 4_i__<_j (j-ssl J-> \ 1 OJL>»j 4_lL>- 
_• j_4 4j j j 4 T) La (_____ j j£j l_£1j___ t L__ 3-J--i j_l_bVl 4 j <i 1 fi"iTI jjl j JLjj ^jSLl 

g-IUf I (jJLc L^JjJL_3 4 LlL3 L4-_S ^.Aj tOljJL--J1 3jJ_1j 4 jlV L_4_J_^ ~L_lL>Jl 

4-xjo jjj->J 1 Cj*>L_J1 L_jL_ujjJ1 j! UjI n iUH L-bj I i^a {jr^^ L*>L>JI ^ljjl ^io^. 

L__J--__ ___J1j Trophoblast "ujULU ~uajjVl L}L_>, <-,Ur I L£\ jJj .4 j ij^JI 
primitive 4_u1jl_JI 4 jl^-ljJl 4___jjjJI L}L>. Ucl L^jI jJj ,4 * j _U1 ^U*" 
.Totipotent oIjjl-JI ~lUL£ 4_i___ l^jlr 1 ;_1UV endoderm 

jjjSL) JL_- l_jL___I I JlA AjL^j (____ J__J jl J miitl 1 j__b j->T LuLs t Laj^_cj 
SJljJLjw j1j___u( JJ4— » IJ — J_Jj £>.jjj . 4-r jt i^tll 4j_4 t ,rJI JUJLjkj ^.Juc. ^jjjjLB 

^jlLw ~uL> j)1 l_jL£JI Ij-A ^ (jjLi l_3_^_- Miu_ ^jj J_C 3u__jl>J1 4_tL>J1 r^c. 
tjJL — j i ii i ,j-d L_bl__ jL-_T L_j) ^uLj ^^jJuc 4 j*ji> 4_j__i_l>. 4_tL>. j_j___-j l__j_-« 4jlJL 

J j£-JLl L>-L^^ (jy- (J^ UjL-Lii _1 ^£j (jicj 


(_-_a U 4_iJ_Li>J1 ^j__>JI 4jl^n [^Ia j_>.Lj (____! Blastocyst "bojj^l 

(_-J_ 4_cljjJl 4 jU r J_l_9 L-4_i j-cj (_-l!1 jr^-L>Jl cr^--" J->.1j__4 ^JL_>-1 VI 

T ♦ • ^.Jlj ^ jrL__>J1 LM > \ c j-L-u "lLwjJII _.j___ <___. .^c_j-jJI jl J > 

cU_>.jl_>. 4 ~t iU ^j-A (jj___j ~»j--* - J-lJ3 ,j-o Ll_j__ _4-_T _ (__Aj t4_±L>. YO * (__JJ 

Trophoectoderm "ujJ-il 4 j > jL>J1 4 n , U ! 1 L>L>. u o i„"i L*>L_>JI ^ 

4 i n j^ll 4 j1>.1 jJI 4 rt i U 1 1 *i i <Vi 4jjJ_>> 4i___j t JjLl-u LjjLc_4 Loj j>o (j^j_>u 

.Inner cell mass "u>ajjVl 


| *. .* 1 -»l l'l [1 **'.*i„l i"„ l .li jVa. .*. .*. — 1 1' ^ lC— _J I* 6< n l*S * l 


L$J u iji yl\ j-_J1 <j-~ aLwjJL! ojjt L}L_>JI J£ u \ -Jjju u \ jl> *_j 

4_t „ j— >J I L>L>J I u o Mi 4 CfV> L$jjt g-1 o 1 1 1 1 r^lt-» (j__iL__>.j _j1j_uM 

J_> :Jlj miII lj_t (j_. ( i _i **^\ _>l I i jlr L_*j___j jJ__t _jj-- t^-^J * ^ J ' J-?^ 

LM_k _j_-_-« L$jt j»l M__a clry^-l ^-_wj- 4 jiji^ll 4 j r j_>JI L}L>JI 

LjL>J1 4_aj1_S ^yS \ $ rii ir>'< I i*iit -*» _jL____j (j-_1j_- _JUl*j L^__J *4 j jjj**. 
__itl 4 jJLu->JI 4 j r j__»JI 4 jl kll J_» j-_-J ^ylt 4JJ 1^4 ji ji-^JI 4 i f j -hII 

Lg <___ ju ju>J ____ SjjuUI L^jjJ ^--Jl *LL>JI ___> t4-ajjVl jj-o LbLji*.! 

5_j_wji1 LjL>JI ^IjjI ^.j-oj^ _-Jl - Ljj»__ - jjLajj u \ ^j U"i i n"i 4 i__u C-iijJl 
L^jJI jJb j j*i >JLI ^ya L$_l >m m.Ij cjy^JI L^-l j_>-l (jl j-t « jl_u_>JI <_-_> 
1 m 1 1 ___!! 3j__1jJ1 _jIjJL_JI _JJj I ej 36 ' a J -jL____J1 ,j_A I <j j \c u n <jr»t 

(jrt_j*JI (___ jl>.jj V 4j iji-^ll 4j r J_*J| LM_>J1 <jt j£o frULt.1l _y- JjjjJ» 

-Jjjjj . J JL_ L_u_j _>_J )'A j r ,'l ~JI 4 jl VII dajj^jrji ^i tlL jl __A L-w- 

4 ji.i^JI 4_j__ j_>JI LM_>J1 1 W t-i^-JI 4_Sjj--j Brook, F.A, 

3j__i __3 Lu_j___- t (jUi*JJ 4jj_J,1 (^Jj-M Lj_>JL j_ui_* J_- __J1 4___J1 <Lu>_ 

ory-L-ji . - -_L__>lj «Preimplantation ^jJI j1jl_%. _-_ 4__ljjJI J___ L» 
Ulj-u I m.jI L*^_bJ tjl 6j . m, U^jt Ijl_TJ_a Y* * ) ^LJI Smith, A.G. 

I 0 ^'J^J -u-^J J^ '~>< 4jLAj j_b t j-u__jjt a \ \r\ nj ^jJI L_b 4jL__lll J_Jj 

u' O^J L>.j__*j j_^l _j_? *jJjjj _>-J 1-jIjjl-JI ^1j--j 1» J-^ j-_ *lj_u I i.i^l 
^__ , Morula 4_pj_JI L>L_- ^j jt ^jJI j1jl-*j ji_3 Jj_a L>L_JI 

(jt ^uLj 4 jiji> 4_y_j_>. Lj4_>. 1 ,3" j ---) ^iUii..! V 4Xa_> 3jJ_3 Cjl j _J1 JLit 

o j_b j--jlj M^jJI j j j 1 131 (jl jl____ -Jj>j JaJj 3 -41« I M.ij Jjo_-JI ury*JI 
. juu £_j 4_xL>.1jJ1 SLjiiJI 4___JI L}L>. .Jl Jj^jJI j_*j ^Jj^l L>L±J! 
4__>.>LJI c__uj4_oj)/1 L>L_j 4jL_J (j_>L>J1 (^Ll>J1 j j. r.TI ^jt j__l ^-U^j 

lj_>. 3 j< ■ l\ 4-Lwjil dju* _,_ Jlju J 0 tj ^ i4 jl^ljJl 4jjL>J1 4j__J1 LiUJ 
4jjJj>J1 4 1" *\ 1 1 Lj*L>- 0 U t"ij 4_4jjl -<_j___J J___jj u \ J_t_) 1 a i j i t^^-jLuJl ^ 

Primitive ectoderm 4_uIjlJI 4_i^jL>J1 4-jjjJI ^-Jl Jj-^-3 ^lj ioii-ljJI 
LM_- j im Epiblast c_x->l .j;)/1 L>L>. O o __3 Luj__u ^ 

4_>ajj Vl (jja L^_wj_5_j (j| j_b j : Joj_— J (j£vJj _j1jJL_J1 SjJalj 4 jjjj'** 4 j - JM^ 


JJ— « ^J— V* 


L}L_>. _>!__ j ,„ >J1 JjaJj 5uajjVl _-J_ cu _j Ijl L$jV _-Ujjt(-,M~; ,,.U ^-JJ 
___j_--_ 3jjL>_U Primitive endoderm 4_uIjl_JI 4 jlAjjJI 4___jjjJI 4 aWt* 

L-Jj__j Jj -r" k 4_^ j_>. 4 j m I o i n\ Jj1_S JLLo !___ ^--Jl tL5L>Jl ^j-A Jj»J>-> 

Three -_)}UJ1 4__l_-j3 j-_>J1 4 j' j'?Jl cjL__jjjJ1 ji cj! 5 iU II 1 <j La -;j--*jj 
4__jjjJ1 j Ectoderm 4 j >jL>Jl 4___jjjJ1 ____>j tembryonic germ layers 
_ L_u > __i _ j>-*j 1 6 ia j tEndoderm 4 jl^-ljJl 4__jjjJIj Mesoderm ^Um.jJI 
_____ Lx c^>Ll_oVI L>Li- ^jLs Loj_u_cj .(jy^til 4jj_-U L>L>JI ^ljjt £_±*-y 

4____wV 4_jjjJ__*.j 4jjof 4i__ j-a _-j. ^SJ I |j m r 4 jl^ljJI 4 _ JaJI LjLi- V| 

__i3 LLi oj^ u_->- -_U__-« L-«Lc- *4 jlv)jJI 4 IX 11 L>L_>J 3 j__i ______ 

La __L_I Jj-ll t jr O tnl l ___* 1 t j ni j-U-jj*_M __j_ yL$£ Q-J f ^ 

cuij Lajj-c J^ cuij -ilL^Li- j jr -__L-j c/> ij __IL>L>. _^__! cul cJj 

CjljL_-J ( 3_-}L_J Qj jj^H 4_Cj i-Jl >Un 3 j_- 4-Lv Vl 4JLa- ____ _}jL_JI J t jj >r 
jl 4 1 1 U j>Jj_o 4i_-j_o _3 \ i it" 4_L>.j-a ___3 j gtVi C_-_j5>L_uV1 L5L>-J .___oL__J1 
1 MJ^- -t_____J (.", , n !vL±-u)/1 L>L>. _jL_ LLaj *GastruIa Vjjj-___1_Aj*I ji ju_*JJ 
L^j->-? 4_l_- j_- __Jj C-jj-A JL_ <";_>_-_ --UJL! ___5__ t( J>Uo)/1 _____ 4 if,U j-l_ 
(jr -_*L__'_/ 1 -L_j i h 1 1 i^-JJL _£jJ1 ^_-__J1 j__j t _j i n V **i 1 1 j -r > L-4Jl__u j-JL-TI 

.(rr _ TA) V n r __L_ L___ij 4-^j__»JI L^L^JL L>U-J! lJu-ojJ 

L^L>. 4-4___u 4_i_u-_»JI 4 jr JL_>J1 L^L>Jl (jl Jj_-Jl _>-L<U jj--- Lo J_i L_La_>-I 

J-LjJlj o\ tUJI ___5 (Un a _)__jJ ttj-u-aJI >v mi \ JJ-.L 3_)j_>-jll r, lt ,^\ t 
^ljjl ^j <i y __JJ _ Luj__j _ Jj -r l!1 _____ 3jj__J1 L^jjlI l^jj-£ _-- _>^Jj ^L-JI 
_ j a_->JL1 __j- _ L^ji _-J_ J_____ (J-ojJ L^___ < n 1*i V" L^j I VI t ju__>J1 LM> 
Ij-c. j_-j . _L-L£ j^J^ fr-lo__J _____ ">jjL_3 jj^L L__u? -4_5-J tSjjl <T< - j_t__ JJ__j 

4_i__-.ljJI 4__jjjJI 4nUio L>Li- j-uL __JJ ^j-uJ _ U j-__i1 U_T _ iJjJj jjl^LJl 
Lajl^J ___J1 j (-■ im miU (_-_ jlj-*JI 4__J __iLl__ Lx__ul ^jS-J tJ___i__ 4_ul Jl-JI 

j-a »1 V mh L_bjL__*u (j-lllj *_--»JI ■ v i,» >J1 J-^L _-j-j c__^>L_jl_u)/I L>L__- 
__Jj L-i-ulj 1 4 j -wjLjJI jj j j*__L__ j jj L>L>. Jjjo L_^Jj_-j L4J 3jjL>JL1 L>L>JI 

4 , ,i '1 C-SjJI ^ya ^__ Juj t^j-o , V ao __-J1 4_u>l_J1 jL-_uVl CjIj 4 - j j !1 u-jl j r 
__-3 l-^jJI 4___jJU 3j j mi U Jx£v3 __*L>. t-____>l_uuV1 L>L>- jjLo-j |-l i urtjl 4 jl qf 
___J1 4 \ j j T L «U n'^ (j-"jJ LjL>JI ^ ju- 4_£ijL_j q\, V | mij j-uu-Lj _y_jLuj ^jcLu 


jy*J* i^jSi^ 


j ■ j ■ *~ I 1.1» i n 1 1 i-As> 9 1 kjuL^tS I <-a_ A_aJ ( kti^l I 

L#__>L_ L_j_jl ^j^J^ t<LLo ^ Juujj J-*JJ jj! i U (i ^JL lUir'^ o^^3 ' W_-* >*jj 
3^ j '* tr> 4 nlt o _P=j^l L ■ ^ j-£ 4_jJ_ j__u _sJJI J^SJI I j___ ^ *_-__t J-L 
. 4_UI (jl se m i) . . . jjUjjj jjjj ^j-ae-Jlj l-i_i1j__11 _r\j>La jru 

Marshak, D.R. __lj __Lcj j*___-LJI j__U j_j_- jjj --Uj j-*j 

4 jr JU>- L}L>. __i__ _£ j"i ->o -_Llj_i_>J1 £j jjI ^ya JUJljJI 4__>-l _jl n- jTI 4__jj_|j 
L$jf L_j_s i r<a_- jj I J_-l_ _-j«1-J1 c/^>-l lt- 1 ^H^ 1 "■-"'-'l (^r-C- 5jJL_JI L4J 4 j m-w 
_-Jl Jj-*_jJ1 _-lcj i4 jm i>.ll 4±>vjJtl j)ju_ ___■ (^-A^ jjl 0 "< H _-ic -jJl__JI lIL-Uj 

(_-j L$Jj_c LU _>_-4j L-__" IjJLJI jj-_Jl djj_^jil jjJ-Vl L}L>JI ^IjjI ^tny- 

jjLCJI _-li_ 3jJL_JL J___j_*J J 1 __j VI __ic SjJloJL 1 n~i -n" cJljLs _-Jkj j m ^ 1 1 

. (00) _dJ- L*i~ l JUj (jrp. L>UJ1 _ljj| 

4_i1l_>J| "Uc_L_»JI L>L>J1 jl Jj_u JjVl jj>-JI oi jj '^hP* ^ Lul jVI l_J IjJJ 

4__ljjJI Ju-» Lj 2j_-e ^ j^_L>JI L>L>. LaU_ 4 i ini _ j i"i^U ^ L^jic J^>'> (___JI 
_-_i (jl 4_>.jl_-j ^jJI J--I- L>L>JI jl Jj2u j->»V1 (jjj-Jl L4-J-1 t^>-jJI ^ya 3j__Ll4 
1 1 . ..^Tl L^L>- plUr I __ic "jjl_JI LdtUj L^>_-_ t _jL__ j m^II 

J_-_>J < 1 "r J 4j I t^ij <i 111 njl . J ^ g 1 1) I j (j-icj (jj "i ■fc.L-Jl ,jjlj -_U_-I 

L^L_>JI (j_c 4 j ij ^TI 4 j r j y\\ 4_jL>JI 1_^j j-jxj _-_J _j .ijjL-Lq j? (j-_jl irt ^ 

oljj___5 l__CU- __lll j L>L_>JI ^ L_>j j r _>__ ___-_- jl 4 jijt^TI ^j— _-Vl 

.4jmi->JI 4_t___L»J1 4JL>JI __J9 ___J1 __L_u 4fl m mi (jriM irt^) 

_-i3 L>LJ- __jbj Epiblast cunM ^> ji)/l L>L_>. _y_ Ujjl___4 jj-SL _jl _ ) 

. Blastocyst 4_-jjVl jjL Js> Sj-iLuo 4_ii>.ljJI 4____JI L^LA» 
f \ ... rt'>VL Self-renewing U__L Lg___ _j juju_>J __ic SjjlJUI L*jjJ _ Y 
_-Ji Undifferentiated jjU_-i j! _jj_ _^3jj_L-t_- j-j-c jI-lcUj _;jL_-_J^ 

.LiUJI^ ^l^' 

, I Jul j jJuj V CjLj-u__J1 (j_a J-«L_j j nl i u aj C-jLj J-LC L^jjJ - T 

^IjjI ^j ^ > u Uo 1—4^1 Pluripotent _u1j_l__JI 3j-J_Ij (jjS-3 _)I - i 
^j J-i>L-JI 4__JjVl 4 j ,.,; > J1 __»L_jjjJI _v» L__-L-__i ______ ^__J1 L>L-iJI 


^LlJI 4 Aa r ..Lul JjUj>J1 4-r t,n\ _-_< ^LaJu^l ____ SjJloJI I4J _ 0 

.(__4___J (j*-_>JI _-_ LajjI o^J *u '.i'?-'! 

(jlj 4\_|_i»jjj_>J1 jl 4 j nnyW 4 y 4lt1 t" 4 LfcJL>_ <jl ^jU" mi*i _"l 

. 4___jjj jl _£j-_4 o'^- {jr>\ Jj-* 1 ^ (jl 3jJL_JI L$jjJ <jj£j 

_ya 5j a t "1 , ,1 - #____. J 3jJ__Jl L$J *>jl>-1j 4 j lj 3 ir'i> *L1>. jj _ V 
i^Lkil aL_u3j o-»1>-- L^Jj Clonogenic Luljj 1 4 * * 4__jl WiU L}L_>JI 

<",Ur 1 t LtCI 1 L_j l irto ^jL^ l_J M-_-*J- . l^ia ___*.j__- _--JI i-g__j -j 4_j__*L__j _M 
L*}L_>J LjUj 4__jLU11 I 4 , .. a j 4_jjIjjJ1 CjL___oIjJU L4J 4 J JLi-' 5-j_-J_^ LjM-_- 

.4A___1 ^juwJI j^JI 
_)j_j i_U ju j_t>j iOct-4 j____J1 JjsLc _>__ j j 1 t _J1 __!_. 3jjl_L!I L$J _ A 

4_J_hJI ^L-U lr __U ju J-_fll t j fl 4 4 1 j t_a LjI ij Jo il 1 U 1 *i a jl 1 j rt *r 4 

. jjLaj (J"j1j ^al i fi nM 4J*1_- (___ 4_i_.__>J1 

gj y\ ^Ji JwjU-JI jl ,n5iVI ^__e jlj <Q ,„V1 ____ 3jjl__I ciUIa- . <\ 

.(-MMu.n _oj_ ui- u-iu i_j 4ju ^ ^>._i l:>uji 

4 — L-j — c (jr^J S jl ;j_/ jjJo __-_ Lg_3l j s_ ^ U t a _■ <>> _-J (jl - \ • 

■ U ^ a ,j!Jj __j__*_jj i4 jl^-Jl mi n'il 3jj_ <___ DNA Lj_J1 _)_jj___j 

SjjjJ J_ j__b jt _j Mj"i <*m < U <i I_* J «i -u _$jJI Gl JJ-U LfrLa ( . i j t j 1 o ij "_ 

4_^wjL_- Ol^-jj-* ^-JJ 4_^L_- ^ Vt U_^ , f l niVI 

L«L^u « ril". V" _dJj ___> ^-j-j iDNA Jl m, rt'tl r-,-* " initiate 
j! cjIjjj_JJ 4_> j*i i VI l__L_ ^ , „ S L V _-_Jlj 4j_L_!I ^ju__>JI LjL>JI 

.4_p.jL-JI __ljLiVI 
t j j U 1 1 «^^---Jl j-aj i*>LaL_- l_^j X ^ j__j j j-_J I oj^z! -'i 4 . 1 y j - ^ ^ 
L__>j_2-I X Loj__- j_~j^__* l_4J ^.-Jlj t 4j,i mi -wjl ^-ij-"! L^Liw (___ _L___l1j 
^ji . 5^ «L__ I U m, \ oj-SL j__- VI 1 o i j 1 1 1 cjIj !VL^L_>. ^jj-L <j t l_u-_j 

L^j JjSL (jt , j_j 3j>jI n 1 U j*_l_c 4jj__j.1 4 j iji-wJl 4 j r jL_>Ji 4_jL>JI 

^ij >J1 j_-5_JL l__j--j Lo 1 ^ jlr l/j-u-j V (_;l . JoLIj 4JLx ___ X _)l__VI 
. i j jjjtill _>_. 4 ijt -> cjLo- (j-.ij-^.y Gene imprinting 

jjJL-Sj Jk\ u \c jl L_j___ (J^L-uJl u_L_____JI i) ju_ _JJ_Uj 4 jl ■_ _jL_ (jjj 

. a4 jjj i-w. 4_i_.jj>. 4_J_-)) ^mujI l^jlr (3-Uj (jl t jU**ihi\ I floUt a < , U"i <i*> 


a., .,*. .*. -^H * l m^ i rik ■ !■*» j Va. . — lt"x. tc^jJ I 6ul L_ J I 


Totipotent fli.nftH <J-f 4-_Jf LUUt (l^) 

t_-iljJL_H -LUIS 2U LjJ_». 2Uc J >» 2uli- - ^ 

_C _>_o ^ 41 jl^ l_)LcL___ Juju jj-*-_j __l!1 L}L_>JI _-Aj 


__Uju 4. * i h I j iOlj^a 3 JLC ^l i n n')VI <____ 4 i tn >J»1 4___uj)_Jl Ijlu j 4 jj_J1 
jjSu _VjJL_CJ * J-«L_' (>*-->■ 1 # < 4 J ^ mi JJ _--JI 4_«jj_M ^cj 4_j_ij_-_J (J -Jj- T l 4_ijJJl 

.ujlj M.tll jjLr__J V L_JJLC 

U£ t 4_uc __>J1 LMJtl! _-lj_1 l__L__JLI ___■ L$ifu>-S 3>jaj L}L_>JI *.j__ j j * uj 

J__J I flU aej ^jJI mJj " miII __11 L_£J jj-^jJJ I (j >Lj L5L_>J1 3jJ L-u-ul I 
L^L>JI l_Uj jyo 3jj__la 4_J-_ jl - LjJ_J _ ___b 3j-JJ *j_Aj t4jj -r _JI 4_aL>JI 

i_! __j_j <j*l_; *U-_cj ___c 4_jisijjj| l$3_Uj 4__-__ji j ajUisJ! 3jj___ji L_J 

Uj .SLpJlj j o f 1 1 4 i i nLll lJ_Jj__JI ^j ^-w L4J CjjJ-Ijjj i j__ju j__. 1 g irt _j Jj_- 
_■___* Jljjul _-J1 m^jjj t4___L_~ l_6jj___ jJ9 l jj _£j-_- j_b U 4__j| U"I I ^jIjjU l_iJ_5cj 
1 j__ i-JJLctJ LJLcj _ jnti j-C LgjJa tj ujIjJlojM 4jUL_* 4jjji>Jl 4 jr '\ ->I1 L}L>Jl 
4_J_- J_* j 0 mj - j-O-jLy jj_ll 4jj__l>JL I 4j__jjjJ I 1 n !i i"i I a <j"- * I J_> j^j» jjJ_> __J- 
. IjK L-uLlaj 4j__s (jjl Wta 4__j_u>JI ___ 4___Jj iji-Vl jc J„l < »4 j^Jbc__ Ujjyijy 
. Igjlr L__jj_s__Jlj J4-JI *«-Uj L^L>Jt oJJb jL. 1 LojacJ 

tPluripotent OIjjl-J» 5 ^j^u _j__>>2uc ,*t-- 2uL> . t 

4_jJj__>J1 4 jr ju>JI 4_iL>Jl tM^j_>>t __JI 4 jJ-y ___GJ_jj l_jIjJL_JI l_ijL__u 

L>L_>JI L___l_* l_L_ .l_)1jjl_JI ^jjs l_jjL___J1j L_jLa>Lli-_1 tfj___ jx. Sjljju r..,ijl 

jlJi J_a_i jryjw f Ll___1 _____ 3jJL_JI L4J l1)Ij_L_JI 4j J aL_' 4_u_jJj>JI 4^ Jl>J1 

LM_>JI _--4^-jj __1jjl_J1 _LoL£ j-L-L 4_i__ji_>JI L!>L>JI j__-T Lcjj __ll_u 
Lu_L>- ____ju _)f ^jU" i n" V L>M-_>. ___bj .l_j!j_jl_J1 3j__1j 4 jiji-*JI 4 jr j ->*ll 
Ld-uo jj_Cu (^-Jl (jj_-_Vl L>L>JI ^IjjI j-j-*^- (j^ti o* ^_jU"i I g i< I *^L*l_J 

u3>L-_--_l |jUfc jlSj^nji^.Uj^^-l uilM-Jl Imm n„l l_l udJjj.orU^Jl 

L>UJ1 ^Jla _>x 4_j1__ J£ >U_. LL__w jjj_ _ LlLi- 4 J^LS-JJ VI jl>>j L. 

^Lj _ylr L__~ J-aJtJj j_Lu__3 _-jJ1 L^L>JI j-a 4 m"^ JljjJ Lo jJl_u i L_J_- _-_C 
__JJ JLu->J I ^L_scj LcLu JJL_*_x C__J _--J ^_j-__ . J_vlj jiJ->J p jtrt«*l Ju__>Jl 
^J-JI 1 j-A j-~ JUjJ J_J>I C___J (_-J_J i^j-iJJ J .hj ^--J LjL_>J1 (jrUL-4 ^jj 

_> < ii"- t SjJ_ljJl ujIj JLoJI _jl_5 I j_v-Aj *jjuu Vj 4jl_La u_L_u _jl Lj<L>JI _>-* 4_u__U 


jSCj*_ \ jj_- _^ji^ 


4jL_ _>-Jaj )^ m <-*Jl *L_jJ1 _,-*-__ ^j^o __l__jVl -■___- ___) 4_LaL£JI __iljjL__J1 _>-4 

frlUf I (_-__: -jjl__ J-J-C. 4__.l mi xJ L^jV ^JL«JI Jj_S jfLd ____ L$J Ja_-JI f\l i.ij 

. J^-_- U_-L>- 

J___JLj 4j n L>J1 4 j r j->J I h*}L>J I $___> q\ qj* Ij n ii> jj _jl _)j_jj>L_J1 jljt 

:4_u_M ljjLe-JL 1j_oL__i l Sj-Slj -_lj_i_) __1j 
L-j 'i ri -v J JJL^s _jjj _p jl__ _ya 4 j j j L>JI 4 j r JL->Jl 5UL>Jl 1jj__-1 _ ^ 
Jul_> 4jljL_JLI 4Jjfl i nl ( ril"i> d _)jJ _£ j j_-T jl__ (_TL_>- jl 4_u jj L_iuj_>_i J--I j 
. J-o-JtU L_>jJL__l _)! JLju jL__ _-!--! p_~j Ji-b 3j j >. _M Ij t l_>j ^cj tudJj 
J-*__-- jj_J (ChimeraS . Ujl^- jl U*_*j_ jL_ __1_- Jj-___>J1 4 ->rj"ill -_____- 

^UtljT 4 jijj?JI 4_j____>Jl L}L>Jl _ya Ol <Vi ^-jjl 4_*__uVlj g.1 <>>r Vl <j_a 

JL_ 4 j j j i ^ J I 4_j__j_>Jl 4_j_L>JI _j I t " 1 1 "n Lc-4 < Lt—a Jj______JLI 4_j_jjj Lj^L_-j 

_£l 1 4 m m V r t, 1 j 4__1__-JLI L5*L>Jl (J7j_>. 1 ^lj-t _-J| ^^^J? 0 ' " ^ 

. (M) __ljjL_Jl3>lj U_! 

4jiji^U 4_j^j_>JI 4 J-kJI u' ^J^H^ t jjI_-LJI _$_> ^La _£>_-! 4jj_>_. _ T 
lj_4___ _n_>. i4_i-___-___t_UI L}L_>J1 ^ljjl _>* jujlaJI »1 Ur I 4 j i^l_>. l_L__4_ 

_____SjI jJLi j L__ JlL>. <___*o ("i jji ■- ^j ijL_ _yft 4 j i j j v 4-j_.j_>. 4 jl-%. ___-Lt 

- JL_ J_4J _dJj jlju .L_U-JI J_->.V .4^_jj^II LjL_-JI J-_*U I ■ i^l 4____.L_- 

I JL_ _j___*__jj 

_j__p c-jj^ i <.jj-_-JLI (___**_ j-jjJI 

^jjjjj__lIIj ^^JjJ-^j^ I ^.-Aj t L_i>L_JI 4 j cj_3j^>JI 4 jiji^TI __L___jJ_JI 
IjMj>- IjIj ^j? 4 . n l1_3jJI ___» L>-j____j I Mi^.y a _jLi_ JL_Jj , ^jjJjJijyij 
Lj^L_>.J ( AnW Cj^ irt r L^L_>-j n ^jU jL_^-_>JI _> U __lJL_i 4jj1 ^U 

. (0V) 5 r Lfc___ L!vUj(^L_____ 
4 m<1 i ) _>_>->• JJU ( iiinnO _-3 /l_J 4,i,i^ll 4__ij_>JI L,>UJI r„r rti - r 
_jL1_»j-__ lUjm J^Lc 4oJJ < rtji^j Uij) i Feeder Layer ^_u_JI jl-Ijj l1jL__lU 
L>l_>JI ___jL_' 4_ai_s ^LjI JM-i-j iLeukemia Inhibitory Factor (LIF) ^jJI 

^\ i ii >V L L-Sj_-J L_4 C-Jj-Tj tjni > J_>s I ^ u___j ^ii.-h.') JL_ 4 j i j j y ) I 4 j r j->J I 


k .*. ^iaJ I \_U__J I J_> g Vfe ■* i_jlI l * 6__c_cx) I 6 


< m >_"! ^juk ^ -r Ul I jla iEmbryoid bodies (EBs) i__*. Vl 4 ^ j ■ ,» 

_-Jj L^-OjjJo _-_JI t__Jj _yaj q'U L>L_*J1 ^l JJ I _>_- JUJL±JI _>_* Uj)^ 

.jriin^ "H 4 >• t'r>1jj jjLo_jJl 4_Lo_i L>L>JI _ya _j3jjj_>3 _ru_* £jj __Jj j_>l_4_J( 
CjL_LJ_v!1 _ya <tn ji 4 t miH _-_JI __A I $ j lf 1 il >. ___J1 SjjLajJU L}L>JI *j-4 

**u_L__>JI <^j_>J1 L}L>JI Sjjja _j 

. (0A) Ljjjj L.>UJl *__J 
i--_J! MMI i-_Jl «I j j| J> 

Jj-tlJI jl ^Uai-l _-_£ 4 jij**»J1 4jf j *>JI L}L>J1 5jJL3 jl _njjvLJI (j--JU j_0 
iL^Jjj^ Ju__ L$_JL_j i L*}L>J1 ^JLA Jj_. 4-SjjJo ____ Jlajju J_a__La J*-^ (jrL->- ^l 
L-jJljj (j-_ai1 4jjL>JI JL^-1 JJLC _-_C _ ^a Ijukj - _-Jj_>j il^scs^ cM-} 

.«Number of times of passage in fresh culture dishes» J__>_1 LMiJI 
5j___J r. __J1 4 j m ; ->J I *Li__j_>JI L}L>J1 jl _jj__~LJ1 J__-_ j_L_ JjJ 

J-J_ CjIjJloJI 3j__Ij LMit£> l_3j____j (j\ __L_ 3j_L_ cJlj La C , tn miU _-- 4_jjJo 

^jUl M."t . jrt-L>JI __J9 <jV1 L_>LiL>ol jJ _ L}L>JI _»ju« . L__j! _y>_! jH-~J1 > 
__!1 Jj-*-Jlj jjUjJI I^jjJuLoj dJjj *4J ^tjjUtl j_UJI 4jUr __9 _JjL_j jl 
^j U~ i uj l_$jj Jj <U n 4 Ij-A _>_J ._yu_>Jl l-jj-J Lfr-U ___]! Lj>L_>J1 _>-a £jj (_;! 
)L__J jJLJI _>jL_JI ^l-l-p. <__ 4 ,n,nV-U L>L^JI _>x j_J_JI _-JI Jj*_JI 

4jjL>JI 4 1__JI L^L>. _y- SjJaljJI _jljj__J1 jj->-j c^jjj _>__3L___->. aj__ J^j .^ 1 ^ 

.4jn'i^ll 4a_:j_>Jl L>L>JI _p_j L^j-m__i _jl Vj lLLUj ^ ___J1j ^O^JJ 4_J_-ljJl 
Sj___>JI jjLojj _j1 _jjJ _>-a j LoJ 4 j r j 1 -^J I 4-t__ j_>JI 4_il_»JI ^ tnTtn i h& 
tjl ^jUl mi" - j-j__>JI (___ jJJjj _ jL_J 4 jijI>Jl 4_i£.jLj>JI L>L>J1 jl C-jj 
jl jjLajj q] ^jU" < mj V 4 r nri*i C__jJI _>SJj t L*j1 J L^-_a-dj jpj _J_>uj ^ i n rt il 
S__U_ j j i uii"t j__ La _^jj t 4___j____j_« L^L_- __Jj Jjj»j3 
Jla i IpUi» Jj_) 4j_oL>- Cjj4 id*ini4 ^ll"^*" 4j_oi>J1 4^j_>JI 4_J>J1 _)l _ t 

Leukemia ^^j^JJI .Inj/rJI J_«__ j_o jl*j_ cj!>Lx____JI *_la . GP130 ( LIFR 
u « , mj _^->-ij STAT3 u a , i.j (jOjjj »!n j M.n _-J1 i_;jjj U-4 inhibitory factor 

4_aL>J1 mi n*t^ 4jjJj <_r> 4 nt 4 Cjl jj j-i_uJ jJsL- JjaLc jJbj *Oct-4 t C-Sjl 
^ 0 J jjL^-J _)l (jj_ _ya J___3 l^i __u _UJL>uj 4-JjJ_*J1 4jCJ_»JI 


JNjj^l J^ _^JvJ^ 


'^jr s?H ft>jl^)l 


^\ i ii n 'il 3jj_> J_-lj«- jy>3 G 1 ^£ jjJoJI <jl l_)L__»I jj" ^LJI Wi ml _ <_j 
L^L-J^j 4__- j^j ^j ,4 jiu^M 4tr'\ >Jl 4_iL>JI 4JL>. __£» J*_*j V 4__A_-Jl 
j__Lj a Jj. iwj jjio jjfe _}_! 0 i*<u jl i4_jJ_«Jl mj n M 4 j I 4 C _--_. SjUj iii II 
(j r> n Vi 1 J Laj i L^al ■ n\l J J m a (j____i__j_3 I g sLaj __--. jUj mjj 4_jL>JI 
_y*J ^j_jJ*Jt1 jnm V" 11 j nna j_a_j 1 t °IJ I j i *q, U _JJ_ jl_J 4_JJsJI < n n tl 
(j_>L>Jlj S _>_ jjJoJI j g - C__jJl ^c_____- J_al__JI jjJ-Jl L_al .^jj—l_JI <-JjJtl 

4_iL>JI J__j L_U juj ^L____VI ____ j U j i a jl L-io-jj MJa (j_J * LjJI ^L____uL 

4_J_*JI _jl i " 1 1 j _>-Jj ♦ j-jl * *i"i (j I _)JJ (jjo _>-J £Jj--_JI i <i -J VI _—6 3j iii a 
J___£> 4 irt <rt L*>L>JI (j^a £j jjl __]} jjli> i *l ^ 1 JLjj 4 J-_1>JI 4-j__ JL»J1 

: _-jVI — j Jrtj I <\ 

Cycline D . _ _gKjm jljJaJ ___ 3jLj _ 

J_>^__ j__j i4_jl>JI i ii _jl J_-lj_* ___ Gl jjlnll 4_ji>3jJI 3j___Jl Jj-o - 

^jiajLj _jl cj_IjI l_l - L>LtiI J____jVL_ i4LL>Jl ____ 4^j_>JI -____> ___Lu ^jj^-j 

(jl ^Ll__>a 4_j__\_ĕJ Jj-3 jj _J i jjl-JI < : • j * j _>| _ 4jj_^JIj _;j-$JI 4_L__j_». 

■ jnm V"*lj jjL_JI __fl Jj*r t"TI ^j _h&J * j-j_i_i jJoLj ___ 4_J_»J| ^-L._j1 4j1 <if 

4_J_>J1 ^L___jI J J t a jJ_>Lj _ 
jlj o"i niL 4jni^tl 4 jr *V 7.TI 4j LkJl m n'il q\ ^-Jl _-__j ill _>l (j-->- 
Jj_as-4Jj t 4 i^ m j__ a L^L_- (__]} L«j_)L-U 4 jl q r _ Lo 4__j^J_u _ j__xu 4^L__Lilj 
^IjjI (__JI L_bjjl_4J 4 jl 0 r 3j__uL_4 IjLp i4_±L>Jl inn>l ^L>oJ Jjalj_c ^ ______ I 

L^UJl(j-_4,^.nV-in 

iruTuat^ j^u^Vj^_^v-ua^^ 

(jjjJJI ERK iSHP-2 oLLjj^jJI _/_cjj < U j il J>jj_o (j__ 1 j__ itj 
(jJL-JLj (2uL>JI ,„n\L 4___>L>J1 cj! ij -> \\ j n^U) STAT3 Ju__ ^L____jj 

4_J_>J1 |_1 mrtM 4 jUr (jL__jj 
jjLmj (____ l_3j_L _jl Jj _* . jjL^jj V l^lt^. 4 jnj*N __ijj_j (___Jj 

L^__u_j jujl_*l_J f__L j___u_ijl <JL_ ___» 4j m*^H 4_^_i_>J1 L>L>JI jj__j ^J-J 

jru (jjljjJI 4JL_- l_JL___ oj-u ij\ JuV t jjL__J1 __JJ 1 ^L o ^JL-CJ 1 iii rti j 
jjJ-jJI _)jlj_JI 1 J_j_ ___» JL>- _;!j i4Uj }'~n (J__lj__j ^L_____jV1 (Uj nin Jjalj-C 


^j^ 


_;j^» 


5l_i_C.JL->lJI 4 jl->Jl J-3J-J -4-4 i^l JL-a ^1,1 m jj_cVl J->— >- (__JJ (^Jj—J __5j____i 
^gj L__lj-5 ciU Ju 4 j Ut fl t j-jl *t "II jj_>j ij-J^T 0L__»— I __J1 4_j — lj_L>JI 

.( Vj00 >a ,nm ^i L>UJI 

L}L>. ^JojljJ j j " ^ 1 1 ^ 3_)LOj 4 h h>!1 4 j r -*J I 4-iL>J1 Jj_>- 4 j j< 

Peeder Layer Cells *Ljl-_J1 jl_Ijj 4 _j U L^L>. 4J1jL l_U_. ^ 4 m mVi « 

jli a <Zi ijj uj * (_-- j o n 4 j i j f I 4_j_c.Jlj>JI L^L_>JI J_l_>.j iCoij ,,<11 _>jo 

4___lL> Lj>L_- j>l oJi j __e ^ 0Vj iY ) ^U,nVLi j__j__ V <_-__- Suspension 
Leukemia inhibitory tactor^o j <jJJI ,Uj ,mT1 J-«L_ jj__3 ^1l___J1 jl_1jj 

C__J_-_-L1 ^j-A L^JL-J Jj_i_AJJ i5Li_jj_>Jl 4-i_. JL>JI LjJ*L>Jl jjLoJ £_L<U 5-U1 *J-_J 

.jj^ ,^ k-Jl ____ L}L>JI I juj 

j^U-JI ^3 JJJ^J Oct-4 l__Sjl jrUjj-Jl 

j__j iTranscriptional factor £____ J-Lc j_* Oct-4 L__-_jl oryj^j 

__-_> JL>-jj 1 l___jI jrOjjjj ( ( TA ) Pou5fl u a < nj tj_J>. lj- 1 Ji.' *" ^ lV° J-Lj 

^L___jVI (__!! Lj*_>Jl jJ- j _-_-_- J^jlj ^Jjlj L*_* j_tj 4 2L___>JL1 "L___ujjJt 

jrLL>Jl L_$j j_*J <__-lll ^LlII 4 jl o r _-__- ^Liil j^jS ijjLjJu (jl (jjj 

< jjl o m (j? _* *Lj}L_- ______ (j-« jJl^Lj _jf JUjJ t__j__- C -Jj- , I 4jLIjU 

\lXJt L__u I Jljkjj Li-_> .^jJjlLI 4_j__j ____ JLaj La ____ _-JLj __*j-_j jjL*_JL_ 

5 . _____>J 1 L}L_>JI <___- LdJj__j ,5_JjVl 4 j __1>JI LM__>J1 ^ cjyjj^-JI 

^JLC 4JL_- I <jlt 7-jj Lj!>L>J1 pL_j ^-ic- J_J-1__*j 4_>V l_U_j t 4 y 

tSjJalj l_1jjl_ cj1_ Lj*L>JI J t~-j i __i-jl (jL- 4 m n *i ____jJ1 ^— _ j .jjL*j 

*Lj1_>J1 (_-->iL_j ^jaLjjj (^yii JJJ 4J 4 jl ->J1 ___i ^ 1 j "< i-u a (jl ( " t n JL-.J 

_j-_a 4 mL> 4j 1 it i _j Ui^j (j_jjj_jJI l_JL_b J_t__tj Lc_4 .4 j ij i-vTl 4 j r J >J I 
4 otnlU oL_jjjj_jJI Jl_j___j :4 jlr (jJJot jnt >T1 (j! 4-_>-j J (_-JI tt j__L_-LJI 

.° Y - V] l_1jjl_J1 S^alj 4,;,i r TI ^__>JI L>Li_U 

4jV 4^ j"'t Oct-4 (jpjj-JI IjlA l^ i,„1<I ___!! 4-i_4-_Vl jl ji> jJL j-)JL>. 
^ tl 4 jlp f ^__5 (____oL--il JJJ LgJ L-tl ij -w 4_liLj £ya j ~i *S I J-4-j- ^ lS*N 
__£i ^4_jj J fl j *' JJ *J--*-T t -a J J JJ CjL_j_jw iUmi <j (jl_j __Jjj ^-j 2ij j-Jbj . (__— j-L>J1 
t L_J 4_a_i_>Jll t__jj-__U 1 rt iUj 4_tl_>JI L^_jj3 (_-__! I 4JLtiJ I n ,U iilL-jjj 4_L>. 


*arSjJI\jl^ll 


*Jj->j_a Ju ^«_cL_ -^j o 7« J 1 Jj-oj ^o-Lst-a J-^^-LH^ Lo-Jo 4jL$-J1 (jt^J 

4 _iU 1 1 4_jjli_JU __1 m >J1 r < rt>jj 1_JL_ 4_U-st_) 4j| Jl \ "i*i «j lLL! jJ 

. _;j_J>J! jjLaJj! 

W 5-** UU» c-U j»_ftJt 9j b 

j^f^_^*_t--fjj4 

4j__jj_a_M u j_-_jjLq _ jj < y j*\ i ii jj 4_»-aL>. ^£ 4__bjJ_j _)j i n fljj u i,n jy i JL> 

____ Jj ir> -sJl <___> ) ^Lc _rJi^LJI _L>J jlsljj3 i_jjj_> _ I ^jj! <Nj -^- _>>a 

Lg-i_ J__>jj LoLc T * ^j^o l_Jj»_j La _;jL_ _-Lcj * j LjJl _)*« 4 j'n?v 4-iC j_>. 4_j1__ 
4_x^_ljjj ^jja 4 j jj i^Jl ^j-_>JI _J*}Li- 4 j <i u J Jj—-J 5j j "i^ (3>-> _-JI (Jj **< "wLJl 

. _jL-uJjL) 4 u n V fl 

_ru -Ajl o r I £jlj__j I i j i-w T"\ <_-__ 4__jj___j _)j , m ajj J-<_-__>, __JjJ 
7-_j-___L_JI (Jjj-t- _>c _ <Jj "< -~L_ J 1 I ^ j jr J______- J__i> _tL_s ^Lj I 1 j *l 

5 j , V n U j-JLCj 4_> j ( ^ AJ I j£>l i*m a _>_d (Jj-jL-j JT^jj 1 _)--> _ ____ LL-_-__>_ , I 

JJ--> J j r n jj I __J_i T*A ^ya Cjj Trjj ^ ik i"f *3 ~^>J «^jl 7*^1 f_3™ _c 

^-lc Jj m _y>a _)j_L=-LJ1 _>_-«_ 4_4jj I j__!____ 4_-_jj_M jj-aj <4-ajj Vl 

Ijj-^jj Es cell lines 4 jiji^Jl 4-j_cJ_>J1 L^LkJI _>jo __V!>L__ 4 <i ^ 
aViL_ I4L. «H14, H13, H9, H7, Hl» ^jH ^j^ U-JI 

_vO Lli V*}L___ j_j j ! _j! j—->jJL jjJL_>. . 4_jj— _*_ _j*_*^ i_u _)1 ~j n I j 4jj___j1 

4jVj) 3j >■ 111 uL^I ^ 4 i u oUkJIj (1) Jj-Ij^J (j— — 4— — *J I 

4-jj_L>Jl 4l-,< M L!>-__- j 3 1 ^ L_Ji jL_i-i 4_->jjVl ^ ,njj 
L>L>JI j^*j (j-L_- j__>J -ilj- 4 W_i 4-x_stL_- J3LJ0 1 ^.Je L_>j__jjj 4_J_>.|jJI 

C_jL£ t 4 jijiTJI Lj>L>J1 dJ__ 4_c. 1 j j ^j-ij Lo jj ) 0 \ juuj .4 jijiTJl 

Cjj_->l . 4_J jJ->- C_M jS_S j! Ljl_M--k- C-JJ-^J < " i <1 (ii -U I JL_4 Lj*>L_>J 1 

4 j<j'<L<-^ jl 4-ul jo j£ jjJaJ 4jjJ_>J1 CjI t-^:JI ju£j 4 U j 1, 1 LijA-iJl 
___ 4_uLj Ll_Cjjj i JJ4JI ^ JL_> 1 o < jj-JJ! 4 t 111I 1 V "i 1 .>L> jl 
Jj—c k j r I . Lj>L_>JI dj__ j, 0 it 4__™j>Lll c_jLjj__JLl ^..nt L-4J JL_J_5 

|CJ _,**, -v Cj I j a 5jl_c 4 rtji _J 1 4 _jj In 1 1 ^jugjj 1 ^ *i f 1 jjj _J^L_>J1 

tfj_A Ji_j S l ^ 4_j_cj_> 4 j jjj^ LMJ- _pa 4_j___j -_jV>L_u __Lc Jj-j__-_>J1 


_.1-* 4____-L___o L£j 1 L*_* i j_)L*__t <j! Jjj j lV° ' L-_1_. p t ii n n L}L>JI 

j J J_-__U 1_L_b t n ^ jJ-J J i J^J-JLJ _)J-_ _j_<S 4 L_LJ l_J __>3 J—l-j J^ Jj_CJ I L_^_JLJ_?jJ 

. 4_j__ j o n _£ jj I i"m '"n ii 1. 1 O Lj j£La (_r--- 
^<ujjl Jjj>.j j_A (4_ujJj>JI 4 _ir j_>Jl L}L>Jl 0J-4J lj_>- a j J o 1 1 ^L_i,_M ^jj-J 

j_j__3 j__j tTelomerase j-ajLJI ji ____** L^Ja 3j__jj Telomerase jl j^ajljlll 

__u_jj JjjJo J____j jl> jj _ _i)Lijj__JI __aljJ_>l cjLL^j ___i j^_wjjs DNA Jl j__ 

4___JLJI 4jjl______>J1 L>L_>JI ___ -_ij___j I «i< t l_LL__j j i.n n"l I JjL__ j jrj 

^IjJI _j->-jJJ 4 j r jl_>JI L}L>J1 ^ 4_L_i j_>.jjj ( Somatic cells 

Lj^L_>J I LL_J ___J _____J____- JoLJaJ _£? 4j _>---J I 4WJt t 1 £\ jlj-J-jOJ lj" 11 (<jj-_V 
5 .^jlj j jj I 4-C.I nitl 4jj_L*J j-Lc J< 1 n j J^Ojlj "tl J .4___JL_JI 4-J, \ m -»JI 

tp < <i <i mj |dni n i_ _jl <- ' 7" JJ i4_il____ 4_ji_- L_5_)_j 4JjJ_> _--J>>j_ _$jJI t4__J_>Jl 

____b I Jl-> J*Jj • Ll3£Jj JU j-1 r tin i-M _j__ _J_flj_J1j 4jL^JJI l_>j__j 0j_i____ __> jjj 

j_-»_C;j dL_> ____ jj-aj1j"i1l 4 j 0 fa I j j1j_j_ajlj" 11 ^lj jjj 4 j o -h I *j__j pj___Jl 

fl_ JS^iu SLLiJI 


i_3>LL3^1 ____C. y _ , u 1j__-jf (jjLil -j->-jJ1 3jjL 4_lC._L>J1 4_JJ_>J1 _>__ ___3t_Jl 
.4_C-$Jt1 JjL_L>JI Ll-jJ-jJ igljO -J1 L_JjLjL t M n,4J U_b (4ji >i r.i) 4_J1 j! JLU 

u o i « j 1 jlr J Jlj I fl *r tr> . .i _3j_5 jj^-u Juljj 4_J_>J1 tf J-4J 4_JI J_t_>- ______ 

LryjLh» a- 1 Surface antigens l_j\ ;itiViI ^j ( Receptors __i>L-____wq 

;4__j1 i _J1 Jj_i___JI ___i L_j__Ll L4S _j_>-j_o _^_-__a_5t_J I CjLkjJ _yJ— (j-ajua Vi <a 
^JljJa jL_J_J| j_4_>- __jIj_- j>-JJ LoJ-^ LgJL- jj_jjj i 4_jj_>J1 ^rLn l3>— L-uj tia 

OL_jj_>. JL*___L__1 .J __!_______ VI __J_ J 3jL_-1j L_±Jj__J 4___L__jJ1j i JjJll -f U II» 

JL_i__j^_J IJlSj (4_lL>J1 ___ 4 ; j t a l_-jL__jj j-1 j nll 1 ^ ta jL^j^Ij i4 /^Li- 
^jJLuo Qj__wl_J1 JL_vj Jl__3 I Juj . L__j_j_-J L^L>J1 _ya _j1jj_>JI j_4 _-_M_j_^1j 
L_bj_4_L^____lj i 4_l__) j_____kJ I _yo 4_JLc. 4_>-j J __Lc. 0_<i1_)Lo L-J^l i n "l r 11 1,1 oJJb ___t 

-JLLJI (jrn^- _>~j .4^_l_>J1 L>L>JI _____ l_^j *Ijl___}LI Markers o L*__.l j_T 

c-j^ (ii * l^U.iil Jj__ J_>o _ L^L>JI j__ L_j j.< _ 4_j_c__>J1 LiL>JI jt 
_-_* _-J-Jt ^-jjLi-JI jjJ-J 5j_Lc-4j Jj t _4__1j_t -_j <t - _j 4 jr , *v ^.t 


jy> _^_LJv- 


4 jl ^JI j*L_-4__ 4 LiVL>J1 j [ ir\ c (jjj-j « *i 1l t— il o i J jJI £ ju«j . I Ju JL_>u 4j j_oj 
i ii 1l V_"i j <^L_JiV1 ___t _--J1 *-dJj _j__ Lg-1 LocJul ^yn i ___i < *i1l>" jLill a 

( jL_JJ 4^ Jl_>JI L}L>JI __** jl^-jj SSEA-1 j^t_jjjVI jvLu^ ^Sj^-iJI <___ l^ir 
ji .n*tVI ____ SSEA-3 l_1J j <j .3jj-__JI jf pl .,.*>VI __._ jl_>.jj _* 4__-J 
c^wLJI ____. ,n\\ _>„J_ olJjJ . IJlSJaj j--UI L*}L>. ___» j_>- jj *_*j 3jj__Jlj 
oj-^J Specific antibodies 5 <^L_>» 3j1 .h a Lal ... >J _ !>L__-o _ ,,.j 

1 j_>j <4_lL>J1 4_j__ oj-*Jl _£_jl jjl-JI ^-L-J 1 ^ jl r uB^-t-u l_JJ jjj tCjl ij ■» "n .M 

jijj_) 3j___ jl_>.jjj . 1 jjJj jt IjLa ji Ll ... >l q\S f. I j__- L_>j_v-i__-« ____. l__j tlj 

: l^cl jjl -UJ->_ij 4j__jL>Jl 4_iL>Jl ____. _-flj tlll 

Fluorescent Tags 2L_vaf_Ji ji 2U-*3tf t OU-jlIi ( \ ) 

< M 1 Jl>- 4_-_>1_>.j 4 i i »,4 jl j_a 4 j r Jl->J I 4_J_>J I £cj__<_j J^jJs ^ f J j J_U 

oljL__iVI (JL__jj1 ol_ljj_». q j 1 LjJ 1 I g j a t ,.j jljll ^j__> ( LaIjj jr^_>. L#j 
4_tL>J1 L^j ^j-_J 4 Mta c__jLL_j ^U_V 4_3jii_x __j->j iSignaling molecules 

J i"i i nl . \ i n^tll Lj*>L>. ^jo^. Lgjj_«1 C r -sl J a tl _--JI "L-L-JI 4_a j k i n 11 L__Jo 
J3 jl _jj n -__b lj_>-ljj <4 j i^L_>JI -»Ju-> 4 j r j ->J 1 4__JL>JI {jC _jij___-L_JI 
l_3j-_- i4____a1j jl 4___i_o*_* 4_u1 j <i j*S j1j^*J o1jL_-V1 J L__j1 Cj_jjj_>- UJ? ^ ' "Jj 
^_jj _J"- > " _y i-_4J . <j idJjjI-J I 4-jj^y i njj^jU L^JjLI JLiC ^j-a-sjj 

jj_>.j (^-Ja (j-__4jj ( _j__-jI1 ^j-j^JI _;L_5 Jj n*i t mUj fr(j;J_>J1 jr^-i _JLuuaVI 
_— J— - jJ Vl JjU 1_4_^ LoLaj 4u£.j_>J1 L>L>JI Jj^-J (_--£. ^JJ^-J JjJlS .^jj__JI 

.^^^l^yiC. j--jlj^L__Jll 

Fluorescence - .Umil,i y t ji *-_u_»5Ui -w____i jj Lj5L>J* J>cji* >*! ( Y ) 

actiyated cell sorting (FACS) 

*> j " t 1 1 1 _ 0*>L.i. 31 < ii 1 1 j? oU inljJI jL->JI 0 lr 4 _jjJ_J1 £*Jl_- J o "i t"i 

^Ji ij_l> JjLi_u ___» 4_i_3uol j CjLa*>Ll _ 4_l__Jl>JI 4-JJsJI ^Umi J?j-9 4-*__-_j 
3 j j t m CjI seJiJa J !>__>- ^jja JjJL-i ilii -3 C->J 4_4j__ujJLl L^L_>J1 ^ju_ jj_4J 
V» V ir )J___J_ 3 Jl_-Ij 4-JJ- _^ j-__ 1_^J^L>. ^-u V CjI -cJL-JI ->-u- jjl u 1-_ t4_jl tU 
Sjlj-JUI 4 .>> ^ljJI 3_LU j-j-jj _-_-! <jj jl H _y» i — — 1 4__J_>JI jju_ _j_a j t 11 

i'vV i if t4 ih ^ljJl SjLU L^j __jJ1 4__jJ_>JI _)__»-jj _)i 4_lc 9^1 ij L4-4 tCjl 0 1 .iljJL 


^jj^l J_J-- _^JvJ-« 


* 4 ■ *w 4.i~- m> J-4-*J cJ-^jj V I Lo) 4_JL__ 4 < rr ,*"» J-o__-o Lgjl JL— J 

<3jjl d " o j j r 4 j r ju>- 4 jl -v ___> -_JL_J| 4__J_»J1 jl _)_M L9jj___-4 oL jl__j 
JL-*--- ___» L>L__>J1 ^jla fJj . L}l__>JI _yo j__>J ___a 4 j >jllj 

__L______j i— a^L**/ IjJ__jj . i, j-4 j^-Tj l__JL__. i . ■ 4J jt_J_JLj (^-jLj-^ 

i4_L>.^II ^jJ^S/l L^L>JI _>_. I jl-ljlj J i r> A n i__j , ,< > 4-Jl inll 4_yi j_>JI LjMjJI 

• J 4___L_- C-LJjbl __J9 l^U4Xl |*4JJ 

i(PCR) Polymerase Chain Reaction J^i^iSj^i JaUj(T) 

_--Jlj _ ^ — *i J-o1j_cj ljLl> JUJL_>uj L_ajj__j __-_ 4_l1__JI <? j_j-> ^ I V'n ,nj 
^JJJ ♦ l-$J 2j-L4_4j 4_x_. _l>JI 4jL>JL _____ 4___*l_>» _ __LLl>JI J-<u- ^hil L_»jjJU 

jjJ L-$J (jy-Jlj 4_L_M__JJ 4 Q jl 1 .1 4_Lfll_C OLu_V _ J_>» J _)-C (______JL L__Jj 

JcL_u 4_tl_ll 3j_l>5 ^jsA l_jL_j . jjLojJIj Wl J3t_ 4_l_. j_>Jl 4_J_>JI SjLjJ 

Sj-_Lq_- Genetic Markers 4_jj1jj * ,,.ij l__1 _____! _____ J__J___iII _j__JJI 

JjoLc 4J _rJ^____tVl , JliUI Jj_l__ _____ .4_^j_>J1 4_Ji_U LoUj 

_)J__jOj-__ ^-J-UU _-_! _T->Jl j-___I C- JLJ _---C — j ,i j II Jjol__C 1 fll _ J 4 «J * 4j 

jrj->JI I JUb <_jj4__> ___C J-UU j_>J _r)_w 4J ^JJJU IjUk mill J-oLcj i_j_Jj-_-J*_?l 

5 j j 4 a j 4_j 4_i_oL_>- 4 a i nlj JujL_>u _>* ^ulji _>__*_ 

4 0 i riljJI _•___> __JL>-J _)LS_ .~i_L____> _>__vjJIj _jrJ->JI J>J->-J _-J-C LbJj_wj JjU 
j-jL-tj-i^u^ jj_-v 4_iL>. __J1 )lifl'n.n lommVi __Jlc l_U_ Jj *4_i_c Jl>. 4_J£_ 
2___|j___aj -L__ljj_-i 4 r .(jjj-jju-*! jj-J-i l_3j_*_j LbjjJu __jJ1j 4 j ( dLjj^ i Jl 

^JjSu _____>- (J__>- _"! ___C I ^Lo JS fi \ rnj 4__J_f>LXl _)_jj^___fi L^aLlJ J_jJU ^LJ-U ___ 

5 ijCl a _ 4_ojjJ_J1 _j d<iijj L__j j r _ jjJu 3jjl___4 4 n jhj 4_l-I_^_J1 4_L___>J1 
^sr uuIa j-^S 1 jJj <^_C_5__-j .1 j n t"i 4___J iJu-lu Juil SjL-L-JUj 3jLi_>JI JL___>JI 

4i^ii Lol_4J 


) Reporter Gene ^l^aSs jrj_>Ji ji __-.__;» u^* ( * ) 

I jl -jl _)L> _JJ jj i4_jjljjJI 4 (ii ) L^JI oLj__u j a t Vi iJ 4__jjj_L ___4>j 

_jj__ _>_>. J____J3 Jo tj _jyw j__j *Reporter gene j__4-_>JL1 _ry>JL <--j-*j L_« 

4_jL>JI J-jej ___j__>. .4 mm Vm j j r t 3jjl j j r 4_j-C j__>Jl 4_jL>JI 


kit \?}\'ki\*\\ 


_>__u3ljjl j-Cjj JL) __9j__j v 1 M t 4 Lljjjjj jj _n 4 trt < V "i 1, 1 j_j 

^--ajj -_j__« jruj^-JI Ijla .Green Auorescent protein (GFP) j _a 

Jjjj jJfe j_-*-^ ljufc 4<i(ja jl_3 Lsj <i f j . g. j i >i 1 ! 4_j_oj-j_ JlI_ j i ^w^l jjULj 
t ^ i n a n V 4_uLj ^—Aj I __>j t 4 nl"^l I 1 0-l*L— J->lj*>a (_-__■ 4-lCJl>JI 4_J_>J ! jl ■ n 4 

jjij t 4 jl->JI JL_>. jc £5LjVIj 1 4 m V" * LjjA_>. jj! « jj (_-_j L_jl__jIj 
ji jjJB-^j J*ju V j^Jl I ju_b 4jL_5 _j__i U_j . ^jU Vj! _jIjl>.VI L^j c_L_>j 

J 1 "^ L5L>Jl jja Lx £jj j^Jj (J n 4jJ_>J! jjLc_u 

.h.Vil,l 4 ^l^lj J __-_iJt uyjtJI -UWj.jd j r-l-yi LjM^J^ Jj-^ ( °) 

»-\__*iyi-.u±>aij 

4-_uj_U _<5Lcl 3jj_CjJJ J^JaJI £_*y (j-JI jj^->LJl l_$J -t oUj 4__ljjJ_ ^---J 
1 g"i '^jJLjOJ i 4_lC j --, 1 1 4jJ_>JI Jj-C j-« _ 4 i ii _u C-j^jJ! (____ _ I j _C n "n i3jl_-1 J 
. 4if^mVi<i 4_lL>. (___!! jjLa-UJ ^uirtil ^--iiij 4 L-bjl « n o j-jjj ^j t l_£_L jj JLj JL>uj 
ji>— 9 j>c 4 j '^j-a Ljj (j-Jc Jj--l__-_>J1 j-« Jl—J 4jjjJL____« 4-aj j| JL_jj 
jc 4 j i n" jl Sljl j*_N JL>JJ V 4uJ jj .4_uL_-J1 oLiajJI j_a ^ljLst_u-yl 

jjj_L_ jc _jIjjl_2JI Sj-alj 4 j r j_>JI 4_J_>J! _-Jc __j_____j jl 1 i i <\ oj L-$-_ajj-L 

tdll 0 i JjJl jj» 4-Cj^_?-_-l ^JjC. __}j-*-_J1 jjO JU^ _)— Jj iL___S__ JL>ij ^_*/1j 

jjlc (jjl Ll__j5 4_>L_>JI (^JIj 1l_>JI L>L_>J! jja jl>.Ij ^jj ^-ic l_qj ^ 
4 jf jl->JI L^L_>J1 j-« (j-oL_>. ^jj iL-JJj JL-j-ja ._JJj LJ («_u ^ oljJ___>Jl jj- 
^-JJ 1 ^ jlr l__^-__JI "i tjj ______ I (^--Ij ^-^j ^ajjl (_-__ 3jj_> j_o ^-jJJ 4 ^i miUI 

(-) 4_>-M___j .(kit + Sca-1 + CD34- / low.c-) ^j oU__1j 4iiM_i j__L_3 

. JJ-> J>i 4_j! (_-__JJ ( + )j l ^^>-^° ^--"IjJl jl (_T— ~* 
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(*)i 


&U\^4-_A-^_\ 


__)_. ___ 4-j t ,, I? JI j! 4_JLJI 4_i_, j_>Jl 4_i_>Jl 
4_tl>JI J__j 4_j__j_>JI L>L_>JI ^ljjl _yo £jj pjt\ 
j j L Lj^ >■ (jr&J .4 — j t j'i yl\ 4 — j — cj — >JI 

4 t u-jl s_j>j_~ Undifferentiated 3JjL___- 
jJLJI __>JI _>-_-!! mV\ J£ ___ jl>j_ tSjjLcu 
__I1 VJ J*U_J V U_t , Ubji JL-i__l 
_)L-> _>1j j__>» 4_Lo (_-jJI -fj iiiill L5L>. jji 

._JJjJ m.J _JL_> 
(^jJI 4 I f j-J>Jl L>L_>J! gjj I j__ t_J_l 

jjt 4j Ju V — -j cuj j 1 j iiif <?JJJ>*J j '^* n j 

4 jl V L^jLj L^_____j *L> L__ _>-«J iLtJL (jjSu 
L_Oj_>j _r-_ s-L-i ("iri t^j j_;| i4__JL 4 i r j_ >- 
L^ji Ji-iJ .__j__t.l (J-ojJj ^hsjJI J_uJ j! (jrl^jJI 

4__vJ j i L__j I L_j L_La ____s jj __ j__j JL_u Lo ___» — 1 — ^ 

5 JJkJI 4 j ____?■ 

< ^l" * « cr- Ltf-^J-I j J J l_l__j Jju*-4 _^ ^ 4__JLJI <_^j r ll 

4__JLJ1 4_«1_* jj£3 jl___ IjJ. jl__>JL _>_W_ 1 ^ul^ j^i _j_ SjjU 

J_>-f 1 d "i * i *J »1 irtf. Ij 

^ui >__t.i ^__ __. awj ___ ___j __ ^l^^^^ui 

_>-_ L_J JJ o"J L___J 1 _>— Jj t I (j J 1 t \ l rt 4-Lo «La Lajj i_oL___ 


.The Adult or Somatic Stem Cells (*) 


4 i n * ^ jor 4-LaJ jjjo l<j jl r 1 ;1i^> ^--Jlj >a 4 j r j_j>J1 4-JJJI 

4_JLJI 4 J< > 4.u- j >JI 4jJL>Jl < ni^j ^jl ^jl J\ ^iU~t**\ Ljlj . Ljj-AJ' f 
Cj 1 ii i I j^a 4J ^ljj — _oLjj t ir>j jj_ La jJLOJ L_l_os J I Lj-ojC. L_-->J (J--J 

L-IjJ (jry>* oL_u__ljja t LJ jiir (jj_>.L_J1 L$j ^ljl Cii A.^lj^ _Jl__£_ Loj-*CJ 

Jj<^rt"!L LgJ _>^j t"n __Jj_-_j i4_JL 4u£, jjw Suii- <__> 4_lL>JI dJUb (jj <Jj-^-> 
ljj_u CjI Jljt ~< i nc t_JL_A> ^jl Ij JL>. J ^j-u^ L_Jj JjL- <jj__>.LJI j!ni>>lj - 4__±_v 
JJ L$-l9 l__jIjJ1 Cxit_JJ 4jtj 4 n i< 4JJLJI 4u^JL>Jl 4_1>JI j»JJ J^ 

_£jjl g jiiull ^L jl L^jlSLo f___L 4jJLJI 4jr .1 T 1I 4jL>JI _-^~--J M-utd .jUj 
4 jl>JI i-n o m JLSJj .4_JLJI 4-aK ) LuL 4jj". - a Jl_u u< L$i_J <4_i_9 J^JJ 

dUjjSomatic stem cell 4j \ n, >J1 4_L__j T ti 4_Ji-JL 4JJLJ1 4_j__j~j>J1 

<4____L>JI 4___jVl ___> J-J>-JJ ^Jj t .lrtrt4 4jJL__>JI 4_*__jVl J£<j-- L_OjJ>JJ* 

<j_Jj t jjL_t_Jlj urtjJLJI ___t rUrt 4 (juiJ oju>.j LoJi . JS^/I _-Lc _jVl ^j-w 
.(j;j_JI Jj->J1 <___* l_-j! 1 ^jlr j_Lc U£ <4j,j mi-kJI JL__»Vl 4 T _jj ^ LLul 
0-* Ji' O^J Spore like cell <L^>j -* 4_j_.ju>JI 4_lL>JL L__ul o j * .. .j 
4_-»j_j M. P. t Vacanti ^l_?l__ jj_ yl jJI J___JI L j__J U_> ,r > J 

0 <j-~ JSI 1 , fl T *- IJljv 3j^ljL_5 !_*}_>. _____ J-__- <jrL>. t T* O j-LJI ^ylge .11 

^j <uy (j^ Parenchyma _gj _ >JI -rj ,„;ll LL_ ^ ^ j_II ^ cjLjj^j-^ 

,(°") jJU! L_w>J I 3 T n.'l1 

4-jL>JI dJL^J u aj n-sll ^mItJI jJL__JLI jVI ^jju V !j_>J (j! j^l^lj 

jl lU*-Lw JJ— — . (jjl tjJ» - u nl^ll ^-jaL-Jl Ji-lj-4 ^jl_ua ^-J— . - ^J-L ^J 34_JLJl 
L^LiJI ^j_: t rtl"< V> _Uju (j-Aj 5Qj Cy J_i5 (_-—->- jf Cj\ mi*i *f j iii > (J?l (jr* 
4-joIj 4_5j_t_4 ^^Lc ^Lj r ___uVI CjJl-xI ^-jJIj tjJ-ju-II 4J3jj_u>a 4 lii i T ll 4_j^1l_>J1 
jf 4_uj_J 4_lL>I jJI 4jjL>J| 4 L_JI jA LfcjJ m< jl L_ijj_ua j_- L*S_ i_AjJLx__xy 

4 jr .'i T ll 4_lL>JI ^ jj-->jJI 3jjL 4__JLJI 4_l_ij_>JI 4_lL>J1j .jiLLI 

4jr j T 4-ii>. Jl>>jj JLUI Jjj-_« (_____ . Ijniit jrpj-L ^L_jV1 C-J-* jlj ( On i T t l 

_Jt ^ o _ __VT \ • J-C^-Js 3jl>.Ij Hematopoitic Stem cell ^-jJJ 4___La 4_UL 

4_i-_j I ,fljlr jjUIj i4Jl_.j 4-u-4- 4j1V Ijl .^ V ) ^LLbjJI ^-aj LjL- 4-ii>. 

. L£jJL> r-ic: JJj U-jLj JJ jl I^Lj ____ JJj L>jjJlj JJj i y& ^ J>-J' 


_>_CLal ____ j^jjl 3jjLa L$jl <___} 4jJLJI 4a£.ju>JI "lJJJI 4-l*a>\ 

. Lo Lajj 4j_ jl i n a jJ j Lg-jJ- j " t "i J (j\ (ji_-_>*LjJ1 ^jja JL_-t 1 n " tj ^J ^ I i 'n r t J 
4_J-j-__-j>JI 4_iL>Jl _-_Aj - L__Jj__>.J (_-_* LjJiiJ ^ ■- jSLiu ^J ^ij r n tt ,j1 4_>-jjJ 

j-IUttLi? ^ JL-JI 4 ~h" tll j 5jn rtllj ~L_j->ojJtl <j£LaVl ^ya _ ^LLalll ~_L1__ 

JMjjo l_^L_____J1 jl 
<jl _-_* (j-oS-i i4jULJl ~L^_L>JI ~L__i_JJ ~U_i_i__>Jl 4_wu_Vl jp3 l_L_- <jjj ^j-Oj 
<_y^J C_-_J jj^l L^-M-i 1 1 I 0 i o-u JUJl_>_ ^lr SjJlUI l^jUtj ^-jIjjJI 1 fl~r ^Ljj 
1 — aL-u 1 fl 1 4 Tnl Ua LiiL_>. ^_JJ n n 1 — ^jl ( _______>JI ^yB (jL_Lo ^t 

__VL_>JI __<_ _4_i U_£ JjjjlSJI j gr ^ Ijl>. 4JLjjo olj". _Jj Clonogenic 

5j__>,lj 4 m V "t a 4 jl^- *L_____J ^-ic 3jJL-_JI L^jjJ ^j miU 4 j t j i Ult 

4 o r .^j 4K i 8 ;, __i_; frL-jVlj ju v y'M gj -__J1 L4-JJ £-____j Unipotent 
(___* 4_i__L>. Multipotent l_jIjjl_J1 _oj ■_ * ~uL>. L___j! L$-5 U£ .^ A ) (J _-l_L-jJI 
.Plasticity ~ujjlUI ~u____L>. JMi- ^ ___Jjj *3U__-jilj ~l>.j-jkJ1 cjVUJI 

(jt-JI ~j ill LjL>J LoLcj 4_-jU__vO 4 ir> m V "i a L}L>. <__Jj J j -~r <jl ^j U" i il" 

^lj-t ^jja £jj [£\ (jjj Jj-S_-J (jt ^jU" nM Lgjl j-vT u i tnj jl *4_l__ Sjj-wj_-i ^Jk 

_ "lj-jLkJI ^jMi^JI "l_jjj]I jt |_ jjjj~_LI) "CiMiJI "lx-jjj jj>JI _jL_L_L_JI LM--. 

4 j ijj ^l I 4— _ujjJI jl ^jjJjJljI _ u \rkt njJl 4 jij i^ill 4__ljjjJI jl ^jjJJj j 4 

_jjL_* jjL- t -fj M.iTI j? j in tll L>L_>. ^ i_tl_- ^l L^jJJ ^ o " n ^ylJI (4 jl^ljjl 
<__ujj ^j-o u i j i ^J 1 (j-^LijJI J^-Ij— 4 <^L_!_j jl_) -r j miI II L^L>. ^IjjI ^j-a-l 

^L- (jJJ ...__-jjI intll _ (jjkjJI _ j-jJI _ ^LI_-_JI (_--_- L>lit_b M-La) ^ jjJJjjII 
4 inin>'a ^ jl^ (j-JJ J J "~i jl ^jU" u-J ~L-JL-JI 4 if j -^tl 4 jl-^Jl 

4__JLjJI 4 j r _L->Jl 4_j_JkjM (jt ^l . | j 1 M qj 4 jij L>JI ^-jjJjj-jJLI 4_-Ljjj (j_o _L>L-_J 
jt l_ ojjI iri r jl (j-_bJ L^L>. (j-JI J j s_ T) (jl ^jU"i i-_j 4 jL-wo ^LL-jJI (j--3J *f j 1 iiit 
^jU"nn" V _ ^lUtll (j-li g-jinil 4jr j >J1 LjLkJI Ju__l31j _ L$j\ Jlu . L> _-_xll 
jl ^jJJjJu^ 1 4__jjj (j_>a Ol-. 4_lL>. (^JI Jj_st_jj JjJLshJI ^Jljlljj j___2u jt 
. . .(j^jJI 4 1 11, ir j <Lo_j__J1j _ u nnt II jL^_>Jl LjL>- J-ua t^jjJj"^ jV I ~L_jjj (j4 
Ji-lj 4JJJU-J (j-A L-A ~LiJL_JI 4 j r Jlj>JI 4 jI^nII LjIjJLS 4jJ.Lt-7i (jl_a I jJ 
l_Jj-3 jid »mJj_>. Vl CjI n iUII (j-JJ (J_-jJj iC-ij L^lo (^-jjl I g i tiiu 4jiji->JI ~L_jjj)I 

4 jij l>JI ~_j_c.j_>JI 4 jlA,TL-T tPluripotent _j1j_l_J1 Sj-aIj ~uL>> c__IS-J -dli 


^j^ 


JJ-* l^^^ 


Filip S * , j \j * ji .l_j>L_II * jii _>J1 cjI . .U 11 ^ <\ y L}L>. 

(j-ujJjl __j 4 t— «L_>. u n u. - __u ^ljj^l p in rtj Mokry J ^j^j^aj 

____. 4_4LJI 3jjl_JI L^jjJ 4JJLJ1 4-o__j_>JI 4 jl^ll <jl VL_ ^LajL-j^j ^,-,11 
Sj-Jalj jjj--i __Jju ^y^a iL}L>J1 n > £____. 1j -__j_2L_i__JI _jjl_>JI jj t r 
^-lc 4 jiji^ti 4_l_ j_>JI 2LjL>J1 _>_J3L_i juj__ __j-j Pluripotent cdIjJl__)1 

.^^Ij-jLyJI U>UJl4_L^^j_ 

(jlni <_-_J i4JJLJI 4_±£.Jl>J1 4jl^ll 4jj>jj j m^U ___i ^ir-LJI JjL_- Uj 

BjLli^M j^a JuV 4j! JUj . J__i__JL (C$jVjL-jo «__*L 4__l_it_- 4 i n LjA-i- 
<jja 3juJL_> £j jjl __J1 jjl «JJl SjJl-_ oL-Uj 4__JLJI 4 j r j >JI L}L>J1 (jl ^jjl 

Sjjj? _>£Jj )4,n,nV,1.1 L}UJ1 
(jl ____. LJ JJ-U La J_fcj t j i" 3s 1 1 ___! (j-ijJj Cr-*^' (j--^JI JL— — >> Ji-1 _ _L_J__ 

o_*j <___JI 4 j ^ll 4 % , ,1L L_S_uj LLLJjl J__i3j_ 4_iJLJI 4 j r \ >JI SLtiiJI 

jjp jl___>J1 L}L_- (j-fl LlJj__J Lb j-L-_ 4_lL- ^-^-S t LgJll 1 (jrU C-Cj-CjJJ 
J_u__ ^ U t")j L_*J 4 4*C 4 iii ll_» JJUj \ "J>- • I . J^ L_>J (jr-JI 4_u_JL jjI_jj 

.4_-l_ ^ijnr __$£> 4Jjs _1_>.j_v 1 jj Lol t( ;U1 ___> ^-Aj 
j-tli-il <___ 4_JLJl 4j£.j_>Jl 4 jl^ll J>>u ^ JLaJ *LJ-JI ^Imm ,,m,„ Jj_ _>_J 

.(Jjj ___J 4____JI j-jI_j l_9j__j S4 ir^i tn-rl 1,1 LjUJI _yi 3 Ju JL> ^Jjjl __JI 
i4__lLJl 4^J_>JI 4al>Jl ___! LkljJ _-jJI 4j_3Jl>JLI ^JlA _j! ^Jju _)l Ju V 

Catharinc __J1 j °ij j _^L_ja . jlj— J. 5jl-cL_ JiLLa t LI_u_>.l p U>" 
____. ciL%. L^jl _JLa i^aSoj-A^I L^-^j ; j * 4j__L> ^ja 4I_-LJ1 Verfaillie 

3oj — t " <t 4 iJL 4 — j ojJ_> LM >. (^ __J ^4 ■ 1L 4 j r j >. L^ _- 

^—-J (j_4 Multipotent adult progenitor cells or MPACs oljj Dl 

j 111 7JI 4 ?t , „">? L>l_w ^l^jl ^jo->> (".U r I LjL>JI i>jub (jlj tjJL u ohr 

j-Uw-^l _jl£* l^J---* 4 UH°i ^-^^J-** (J^ j^JI ~f J 1 11 j 1 1 L^ii- <Uit4 _>-jJj 

£oj — __Ji — a I — a "1 j \^ (j_jjjL__? 3jj "i ^ v II ___! — __j _)l 4JI >JI o jub _-ja 

L-L>_>. (jV J___i («J L^LtJj Pluripotent adult progenitor cells l_j1jjl_JI 

(jru*. L^_^L_j __Jl SjjJ-iJiJl __Jju_>jj 1 \ a3 Loj o r j 5 L_jJ>. L_>j,.\ i^> a (j--fJ 


^AJUlWk^lbliaJI 


*Ljjjj ^3 1 <\ $"t r jjj \ e\ {fi fi\c j i jLi_j (jL-ajJ ^j-a L>L>J1 -»j___ ^jl>.1 c>j ->*\ 

{j?Ti jl-^Jl Jj^a 4 1" <T, * ajl <a >■ <j1 __jjL>-j jL_-JI jJ j-<a JL-UJ t jJ^I jl_fl 

4JJLJI L_bL}L>. u \ jL^jj U^a *Ufl"rjj JrGlll JaJjJLJI _j_J__l____->JI 

1 ^ 1 jl^ (j I OJL__>.J ^jJjjL^ fj\ . l_J>U>JI ^ljjl ^J O > (_-JJ CjjjLaj JlS 

La 4 jiji>ll 4_j_C. JL_>JI 4_JL>J I LaLu 4-^jI mi"i o ^JojJI ^ ^jja 5juJL>JI 

> " i < <i t>-_>- 1 o w Lu i a jV\ "< -^-.yi Ij-A t L>j .4--u_5 1 <il" ^-.1 I Jl_>1j L-_l__L Ijlc 

CjM "<"H qJ<"m ^1__ .4 j rL-UI 4-^ojl nt.l Jtn t * jJL jL___ <____ L_>L>L__- 

4 jr,'v^tl LM_>J1 j2-=>Z Cjy^ ojujcj U_b Cancerous masses 4jjLLdj___JI 
^ l>j->J cr^^i Teratomas ^___»L ^j-*j L_uL]__j_-__, Uajj _jj<" 4 4 j iji?JI 

3j_j_a _>j-A _jl (jj_L>.__J1 JL_-_jljj .4 , , ^ V " U L*>L>JI ^j-4 Sjlc. L-_IjjI L^-JoL 
4 j djj>j^-_>JI L}L___>JI j_-> ^jjpL^ 3jj " <jjl 4 jl^ I _ J L_J J ". MM 

M " < ^Uti V L ^j_>.Vl (_____ ^pJlj .Embryonic germ cell 4 jlji^JI 

Jl ^j^p. _4-j ^ < , m,J1j .^^-Jl (jJi-CJI I... > ____ _ > fl_jJI JlLc. ^L-JLUj--u- 

l-jLI 0 r ___- I j__j t J__L ^Lc jf> *LJ_>JL £>L~JI <_--_ La-jjal, \ Vn.il J^j_-j I ju_ 

^-Ja . LLl_»j____v (j^-jJj 4 , t_jt £jjj ^^LH cJ ^ ' 01 '4__5-__-__uVI J--uj 4__cljj 
^j-Lc l "il i^t^ 1 i\ 1 4_j_Ljj_-. V 1 j ijjJ ^jL-u (____* (jL___>j_-_L Cju1£.\ 4 mi n 1 C-_-jJl 

Multipotent adult -i_lj,i nll _-y t « ~ 4 L__JL__JI 4 j ,„ ;>II 4 jl^JI u „ 

.oM ,a-TIj jJL>JI (j--i progenitor cells 
4_^_jl>JI 4_Jl>J I Jjl_5_j ^_L>JI (jj ii>j 5j__bLj oj M, j d ^LuJl l_j^L>. 

, Ljjj_-_j 4j?t oi^l jj 1 J-_-Q^>« (^-In t" (jl (_j i t ftj tCjlj Ju-JI 3jJt"ia 4_tL>. 4jJl_JI 

Robert Hoffmanju ^-k. LjJjj n j!L_T 4 t aLuyu j-JLj ( jl____ J ^ jJJj ^j 

2Li__jVl Lj^L- ^-J... Jj______>JI {yz lj___U3 ^jy^- i T * » 0 ^LJI <_/, st-J I 4-_ljjJbj 

Hair 3jt __JI l_j! j_>J 4_-JLJl 4^ jl>JI 4_J_>JI ^ ^i.nr L>L_>.j 4jj>uJI 
1 <>>ji 1 a Jj __a >JI (_-__£: u \ -r A\ ( jj > __JI , m U--j. follicle stem cells 
4Uj^U Schwann cells L>L>.j Glial cells 4 j -LjJI L>L_>JI ^_1__, 
JjU c_j1j__*_T J.^ t"i ^pJI Myelin u_JLJLl SjU jj__i_i ^pJI j t< ...^tTI jj-*-*j 

(jLSLal gl it a (jlj-jj Lu^Lst-j ( . , t II j j a ^Luj .4j ilnj geu I o r , , ir> tlt 
J_u__i_ ^ _»1jJ-__, La Ijukj *4___JL_JI 4_j__5j_L_JI c_jLu_i_C.V| ^4 oljJL-JI J-M-___»l 
4 jr *i >Ji 4 jl^Jl c_-«Ij Laj .4j i mtll (j__>lj^aVl j;>Lcj 4jr j ^ll 4 jl^ll 


L$jI l_JL_s ^ j i n B 1 4 m i n V "i I, I L}L_>JI (j_4 4 ij < a Lcl jjl i'.Ur I 5j « Milt 

^JLSJI LMi^ <<jjJ~Vi 4 y,U L>UJI ^l J£ *LL___1 L^ Wicm 

j__ JL___ 3jL__>lj 5j t in j) O ^ IjbJ *(j-*>Ljj^ i 1 11 J 

^ j - _L_> 5 jl^ -r , ,rT\ 4__LJLJ1 4-lCJ r tl 5 A^W _>__! j-*-'l 
J_>L__JJ (j_a Ju^l ^«Jl fj rt I V *l lJ_ j__j JLjJL-CJ t V j tri d Ljj__U l__L j_~> I 4 j ijr^ 
<(4_«jjVl) ljL_>- 5jSLJLI 2L___-Vl Jl__ jJ__ l__L__ljV_ ^l 4_j^>U_VU 4_JjjJ1 

l_jL__s!>--__>.V1 _*j__ .4 jiji7.il 4 j r Jl_>J1 4 JLkJI (jic L-sJ-a Jj .n-r H l_U^j 

l__uj__*j (____ C_-»j--u 1 ilt i 5j j ln ■>< 1 1 j 4 ij y t)\ 4 j 7- jJ j j-J1 l_jU LL*_jVIj 
4 jl^ ^ 4J.JLJI 4___-iJl_>J1 4 J->J1 J>--* 6' ^jk" U^' (-W-* ^L_j_AV1 
_-_- Lj—Jul Lx__?J Laj 0 r J . V , V n ~i r I }$l_j1jJl-_J1 5jj J ~r 4J 4_jJ_j 4 j C Jl_v- 
4 jl^ (^,-4 4_JJ-J| ^jjb (jl Jj--U ^--.J Ci% .^J L__>jj___- l_JL_A J)! ^-Jl 4j1jl_J1 

. ^jj- 1 4 jl*-. ("11 mjTj 4JJL 4_l__Jl>- 

i-JUI 4*f'-*Jt M-JI ^ L_ jAI *. um oH 1 

4_uL Jl>JI <j_J-JI <___ L__j__lj_ l___v.1jJ1 JojjJ-Jt Jj^_u_> M_J-_ j_L____j <jl Ljjl 
(jl J J-L> _-^J*J i4_tL>J1 _»_L_b 4 * j 1 lr> _--C I Jj-> l_3jjljJI LJ ^ j 1 mjj (_--->- i4jJLJI 
:4_uVI l-jI rtirJI L&J3 j-SIjjj t , tt j 4jJL 4_u_. j_>. 4 jt^w _tj__b 

1 in -U J-J_L__>Jj ^-1 111 rt'lVl Jj-jO 1 g i^ 01 ^ljj j_>6jLjJ l_j1 j jj_-_3 (jl _ ^ 

.(j-skJI (jJ-SJI J-4-C- ijj JLa (__-_-. L^_j_ ^Lcu ^ylc jlj o"i 1 liL J_-flL_*u (_;! 1 1 ^ . mii i 

Jj-_>Vl J__L Clonogenic I ^ . n _ ^-1 ..ii" __1 _.__£. 3jjl_UI L^jjJ (jj_-j _ T 

4__ul____« L-uljj L4J 4___jLL__« L^Li- 4J^L<_- ^LjjI j^j U"i 1 -J L^jl ^£1 ij_jL_->JLI (____ 

4 ■ .mL-JLI 4 i^i V "1,1 L^L>JI ^ljji £_j_«->. u Ut"i i__dj___j Lbjjju _--J1j i4__4_j 

. 4_J_ _l>.jj (j;jjl -5 j, nill 
3jjl_-JI _ L^-La 4> m i'n 11 U 3_lijl_>JI L}L_>JI l_J_i__j _ L^-jjJ 03-- tjl - ^ 

(j-4 L^Jjj- ^j_>4 4 4 -r . .1 i 4 4 L4L4J 4__s__t_sL (j_______5fc_J I 4_UL_C L^L>- c LL__-.I ^lr 

LjL>- c_jl__» (jL_3 . 4_j_d J-->.jj jJI j 1 nill Lj5L>- jdin Vi ^j-jJj L4J t Lj*L_>. 
(j_M__. L_^J 4jj___U1 L>L_>JI ^jla l__JI_£ ^LJL^ jlj^yi 4 j ^L_-w L-^J gJ itl 

» U j ^__J1 Cj^ 1 rt",i, U jl l_jI 0 mljJI Jj_>- j ___3 LgJt_q J^jI U"1 L-£ t4 jirtL>JI 

.L>UJ1 lJ-J ^L-lij 


jjL*"ll jt Plasticity 4jjjJJ1 4 j ^U. 4j ^-jIjjJI I $ ? *Lj-j u' - *- 
4___JL_J1 5 j r j >II L^LJJI 3jjl_s j__j *Transdifferentiation ^ji-*- j ■ r 

ju>J -f j i fiil 4 min Vi a iJj-^-t L}L>. ^-Jt Jj t"TT _-___. La -5 j < n*i ^ 3_ij->.jJUj 

.(^ ) 4 (i\~t-m o j jj j-w. 3L__j _£ J 

Progenitor4 j -____>J1 L>L>JI J___* .4 jU...j LMJ^ (__J1 Jj -> Vi ji _ o 

. LjLjj 3jjl L^L> -r 1 1 <-t~ fj \ Jj5 Precursor <JjVl L^UJIj 

«iiut 4*f-_*Jt u&it 

L^LstU 4_jjj_L>Jl 31 iVJ1 4 <i j n ___ijj_JLja j-j-C. 4jI J-u9 (j_ci Uj-__-1 LoJi 
tj^J <i t II (j-A I JUj_«a ^rt irn tjLAj t Ju.l ~r "T1 4u>.j ^jic 4_JJLJ! 4 j f j_j>Jl 
4__JL_Jlj j 4 tTlj jjl-JI 4-jULJt 4_oL>J1 aJJt (__!__ 4 . n j CUiijJI (_-j_ 3jIjVIj 
tjl JU (j«nt Jl (jf j jf .(j-___>.L_lJ1 ^Lal I Ju Jl_>. L JU>u (j_litjj ^4 j 4> 
<____ 1 V j t ; 4jjj-Lo iLijLw <".-r j" j (".rtl^" jLa oJLA 4_iJ__Jt 4 j c j >JI 4_J_>J1 
L}Lu>. ^-JJ jjl o "II ^j-C uJ t _ul dJJ Juj t j< .1,1 ^i ji?Jt L --4---J1 3 j "i i 
l_-_3j (jL>- j I (__JJ -»JUi> 4__JjV1 I g irnl r n t 4 k n " -r a u-JJo^ t 4 m m Vi4 
JLjj . L__J1 4_>.L>. ^..3 JL_-_>JI ^-Ja La j <nf jt -f j mi <____ L^Lo 3j1 ii*iinVI 
L^jjj t^> __JI ^j-jWLj j1 4__u^>]__j CjJjj>iJ L5L>- Jj^3t_c Lgjl i V n " t j (j__UL_JI 

l____> LoLcj i j j t"i 1 I 1j__b L^j ^j (_--Jt 4_jJu_LJ1 (jj 1 (j -r j IjJljLo ^j-CI t4_JL>JI 

"^j (jl _>->- (_--9 l4JjjIo LuijJLdJ Bjjt «Ti a j_j__ 4_LoLb L^Loj __jL_l_i I (jji^au 

(j q<" L_aj .^LjJI (j tn 3c "i T t j jjLoJJI J->-lj-« ^j-JI Jj---j L$Jj_>. (j_« L"M->J1 

JLw CjI Ju>. I Jj_>.j (_____; _>Aj-p ^pJlj t V ... ^TI (___3 4 p^U LuL_3jL__JLl ^J--*-] 

4 jiji ^JI 4-^jl_>JI 4_lL>JI (jt tln_>. ^ltJs . LL>.I j jjju 4 ■ j <» j L_jLc1j_i__»j 

^ju>ji 4jUti uujLs: t 4 .^,r>^-_qt jj-^^i lMj>ji ^ (>___! 

jJ___JJ (l-gJj_>- (j-O SjJlljJt 4_i_L_tjJ! uj 1 J J t "l 1 1 (j-C I Jujlj LjLw ^jjjj 4-jJLJt 

J-__L_>u (____ ^j^LTj t(J Ut" (jJJj jljlj j-jj-j ^cj t Jj "i "i i ntl j_=t_j 4 j r t J j_l_u 

. 4 n 1 1 .1 a 4_Ljjl>3 Jojj___uj 

(___- 5j im"; a j! 3j_jL-Lo jl>.jj 4JJLJ1 4_ui ju>J! 4_lL>J1 (jLa ^Lc JSL-jj 

JL>.jj (j--J1 jLSLcJJ I "i i Tn t <ft rt j h j (_^JJJJ <— 3j in"nj * 4i£> JL___->J1 4__9____ut 
4 j r j ^Jl 4_jL>JI (_--Aj 4_iJLJ1 4 j f ju>J I 4jt VtT 4j j j ^ ,» JL__j» 


jj 1 o _u <<u t^_____J1 a > <_9 ^__1j J_L__u J_>.jj ^^jJlj t^ajJI L J*L->J 4 «imll 
4 j .nLu;Vl 4 rtjl^jJ! (jl Ljlj Ij-Aj .4j_LJl ^jJI L}L>. ^ljjl jVi * > 
___* i4_i-ol_>. 4 ii i ^jJJ 4 tnnll^ 4_>aLl ? .1 4__JL_JI 4_a_^ JL^JI 4 jl VII 
* 1j-— - 4_)3_4jJ1 SjjjJI <_-_> 4_jjL_>Jl ^jJI L!vL_-J JM-^Jj ^J-jj-ju 4 jU r 
^ "Jl ^jJI L_j}-_a-j L_4_j|j 4_jj_xjJI SjjjJl JwOJ n^it U J 1 LgJja (J—lSLJI 
4 i U i U 4_jjL_4_aJ1 L}L_>J1 _>__ ( ^l". V"i .^"^ 1 «gir p , „ y\\ )r V 

1 j j 4 juL<i__j ^-Jl J i4 n j 4jJ1 <:Lt^oVl LM_k ljuJ__>_j i u o >>> flfl jL$__*JJ 

jl Lil ° A) 4_^__j «^JI oL>.L__>.V L__- oll 2ujLfiJ__J1 4_^ j_>J1 2lJ_*JI 

4 jl^JI 4 \ j . t 1 t u ^jj-Lj 4jJLJi 4 j f,jL_>Jt 4 jl VII JjU3 ^JL-c jl ^->L_v_ 

. l_gj 4 Uj^U Cj 1 ju j-4-U j 

4-jui 4*«i-ftJt i«__iu ^ u (_<- cH' y 

4 jl ^ <__ LuJUl i>j ^--Jl 4_iL>Jl _ j__> ^jj ^j-A JL_1 "11 J}j-L> _jM_ JL_wjj 

:4jJLi 4_lC Jljv 

_oUj _ 4__JLj 4_j___ jl_>. L^-i > n "< t'i ^-Ul _ L!vL_>J1 Labeled ^-jj - > 

._JJj JLLJ L^-Jo-J J_lI__ j_>J1 fr J < nitl J_>-l J — Ujj < 4 i J t C 4-jjl J AJ^ 

4_J_ ^jj-j ^*j (|«--«jjj Lo -f j 1 11 1 jU_I_-*_J1 j__>j-4 Lj_>JI e jub Jju-j _ T 

. 4_JJ Jj t*m __5j-__ Lo j In n t4_ul_ 
3jJ__j jcJL-j f-J J p ^t l (____ ^—^-U ^J ____> Jj-—i - v 

^SJ 4_j_>J1 4_>.jj CjI jj -v. JL>-j1 J I j 0 ilt aj n s- a J-fllj_C 4_L___J J__a 1 4 n 1" V ^ 

.a.n. rt y.n l>uji 

^j jjl Jj-->J1 * jJLI i 4j<i J-JI t jryJI 4_ij j__ , j_jf_JI * ^Lj^i J1 
jry t 4 jKj ^JI Q>L ' *' * " 11 " £ *' *' 

L^JI uyj : 

U-j1j__>. i(Jj L-J1 Jj-_>JI j»Jj 

Uj V tr\ a fri irt r -Mj 4 ^ in*>Vl _ j__-> ^j g -w (jl J___-*>LJ11 <j-->5 *5j 

._j>_JI 4jiji^J1 4_|_i3j3 j_>J1 


__J1 t jJLl 4 4j<j J-J1 i jrytJI 4_Jj__ * \ j<U * ^Lj^i J1 
J1 Cj^ __ ttl (L -J-ji_JI ^jJI l 4_jj_-ijJ1 4 j r jVl ^U_jlJI 
4 t 4ijJl __ijjL_?__JI ^-J-j t J_l__tlJ 4ujL^i_JI 4 n jtntl LjM-->. 
_i__J1 Jj-_>JI j»Jj tt jLu-yVl l__Jj ^ 0 <>t ^ tl jL_-3__a_JJ 4 I U j U 


I jJ__j Precursor /progenitor <JjVl LMiJI el* __JI j j m.*i j_>V (jL_. 

L">L>Jl tlr^Jj 1 d ' J.' J JJ*"^ 1 1 n I j t 4jiJLJI JL>J1 4_±1>J| j_4 L^jLJ-j ^-JJ 
J-__ ^JJLJi 4_i-l li_>Jl L>L>Ji . Lc j t>tc jl -5_j-l_u_j (_-_. 5j 3_>-jJLi 4jlJLJ1 4_i__JL>J! 
^^ihij 4_Uj_xlj j_-jj _ji I4J JljV L*>L_>Ji _y3 4 . n . V" a ^J- 5 ' (_-Jj JjLwj O t 

4__j______l ^ o_l-vj *lj___i <___*«. ^ 4_jJ jV I L^UJL j *i 1 j UL>L> m"j 

_j it t\\ i U Jl_v _-Jj 4 j-xC (jj--J jJL ^jrt-r 1T1 4 >• u_jl ____ J I ^ji_->Jl 

________ L_U_i_> _-_-. UJLuj 1 L_uj-_w L mV" 4 t n 1 n -r "1 a j I jjl 0 "II 4_j____U L^j! 

j»JL__u 4 _iU r 4_jJU ulijjj Sj-jI < .i a t J_«L__Ji J^jI a "1 11 j £_____JI __JI 3___-.Uk 

JU-liblj JL*__" ^-Jl ^jl_-_3 Ujjjlj ^lj t( *-UVl ^-Jl ^jJL>JI ^L-JI J-J j-* 

Intermediate cell types 4 ,U ..jJI L!>J >JI 0JL__ ( j_____9 lj_J « lA' 

L^jjls ^juJ llUJj ,4 irtin^ 4jf Jy^ L>U- «-...._! (Precursor /progenitor) 
L>L_>JI oi <j_Jj JL__xi . U -tj.mj ____ 4 ^ .^V~U LM__>JI ^lj_i J£ *L___cj _-!_- 
L!>L>JI 51 « „,U ,-jJI LM-i-. l-I-jlI Progenitor Cells ^ ^ 4_JjVl 
killer cell 4_uL_Jt 4j tj.Ull 4_J_*J1 l__JJl_j B lymphocytes T& 4jjL_U_Jil 
I <jU^ U* t ^j->-Vl 4jj^jJI l;M_>J1 4_j__b *LL__el ^jU" --j Vj ,UiTq Natural 

i" ♦ < * J | ^_i__. , 4— lC. Jl_>J 1 L^LteJJ J______ 5^_L4-4 4jL_JJ < t 4^ ^ 4_i___> JL_____J 

4 j r .'i ^JI L^L_>J1 <_>_- Jjju j__b .L ^j ,ni Progenitor Lj>-__- jj->-j 

4 4j*^ L-tl j 4<i|ja L_-uLJajj ^jJ-J L4J I 1_4_C t L_bJj->.j (j-I-- J-J 3 jJb La j Jl_u 4-tJLJI 

. J__L_> jn t I ij ^ j " * * " 

4 j r JL>JI L>L>JI jri-jj 4lnj m.jJI 4__JjVl L^L->JI ^kj j j j o "H 4 jn j< 

. La -f j iri ) 3_ij_^jJU 4_3-_uD__Jl 
1 11 rl La, i ir t l_£»JjJL4 j-_fe L-S 4 < r> 1 rn V ~ c j_lC 4_-JLJt 4_^_1_>JI 4_J_>J1 - 
3j_jL_j LoLoj J___>>U 4-_jlUd 4_t__ ji_>. 4_Jjw J_iVl ^-lc 1 qaI JLtJ i^^ijl^ (j-la-J 
L_JJjj «4 m mVi a 4 jlV Jj5-_l-_ ^j__-.Vl 4_lL>JI Lsl *4_i__j . n n*iVl ^-JuC 

. L-bj-dljj mtj 4 ijt a L-SjjJaJ t 1 U ^iUIL 
4_J_>J1 ^ya ^nin'. tl (jic (^-£5 4 Uj m.jJI 4_JjSj , 1 4_-lL>JI La| _ 

: Lol ^ _______ VI _-__ ^ j_a__j (jjJI jL-JLl ^ l_JlJ_> j i4j_JLJl 

jl iL4 J -_-jL__ai 4_JjVt L>UJI ^ Iju> jjl 


♦ \ t\ Q m jij-*-JI 



^jlU 4iNnc 4jULj 4__Lcj_>. 4_J_- JliLs 




5 • '. . ^ a 5 ^ ) 1 U, - 4jl]Lj <-_.__>. 4 ■ l^ 4__L>J1 : JLLa^ 5 . ^ , ^ ^-**. « 4_lL>. 


4U n„j 4_J^i 4_iL>. ^ ^li^ 4^ : JliLa 



4Uj n.yi 4-JjVt 4-jJJkJIj 4_kJLJ! 4_l__._L_.JI 4_i 1W1 jrU ^--5JJ (V) J_C__Jt 


JjH- 1 ^J^» 


«AJUIaypiaJI UlaJI 

Intermediate precursor cells *J_m.£I! U|lt UUftJl 4_tafi§ 

L__j_L>-i l_U_uj iO^La j! Cu j i<-A ^\ gj mi ;ll L>M_^ J*-* J}L^.VI 

.gj Miill u n j UjJI p1_Vl 4j j 1 j o 1 M. I ^jo irnj 4j Jl^jj -* j i u_J1 * M < 11L4J __lc 

4_l_> j_c <jj_C_ _-_JI jLiSLll l*JU j__j 4 jJU cjLjLuoI cjVLv ^Ja cjj_5_j La __J j JLi* 

£_yA 5_j iniia 4-__£ _-ii 4 II < „*i a j 0 1 11 J? 4j.L*l t - 4jjLi_ lIj L__) jj_i_J LqjI J 

.4j__L_jJ1 .Wn^ll 4jtL«l 

^jJu 4 U mjJ, I J 4 <n ua V ", 1 1 L}L>J1 _y» ^IjjI ^lnt " _jl U~i 1 11 "> L$jl — Y 

0 Ur> Precursor lymphocyte "LJjVl < h * M 4 jlv MlWa **LJ«Vl 4 jl^tl 
4_J_>JI l_1J_l_j B _ j T- lymphocytes V~i1l 4_LL£ 4jjU « jUI L>>L>JI 

Jja-UI I jla _j? j^-u ^ Natural Killer Cell 4 t , 4IjL_JI 

l_3jjJ_> 4J j__)Ij-jj <ji t . i -r j _j r> V *i 1 1 4_j»1_? L5L_- _-Jj 4 jU ■ nj 4_Jjl L}L>. 
j! ^__j I £jl jj jl 4-^-1 j o j^ JjL-uj jl 4 j j t -_iljL__L_* i^jJ (____- 4_a__1_u9 4 i j 1 4 

j i nill _-_$ Lo Ji_- jl j-JL* 

Transdifferentiation or Plasticity 4«1UI «WltaJt UtJI ^pi U §ill? 4*4» 

L_ui j4_s t 4jjjj_3tji I j L_JL L^Ljj 4_JLJI 4jr j >J1 4jJ_*JI j-^L» jj jL^ Ijl 

4_L_>J1 ^ju- ____. J_? (j^Jj 4_uJL__1jJ1 elj_ii*Jl *L*__>-j Ji-iJLJI jL_J1 4_-_>- 4j 
i 4_Lq L-djJ_ll ^_Jx.j 4 mi li i (__!__ -j^L_jV1 (____. 2^l_j_jJ1 3jjJ___ _jja 3j___jJl -JJ_j 
_3-Aj 4JJLJ1 4_j__. j_>J1 4 jlV 11 5^_i_4-4j 4j 5^j_4^a 3jbjJ. 4 j i^>L_- J>L- _ys -dJjj 

3jj-_ jj_ 4L ^ji>. j_4__ ^jL-JI ji ijjjJJlj jj innllj Plasticity. 4jjj_JI 4_j__oL>. 
^jJ-l Lj5L>. _-JJ JjJt-JI (jJL Ls g-j mi ^ 3jij_>.jIIj 4J.JLJI 4^j_>JI L>L>JI 

4 a 4j__>L>. . ^ ^ 4jiji-sll dL__JI JjVl ^jr. t n 1" V a j->-I gjM.il 4 tnVi4 
L>L>JL3 iL^J aj-LJiJi C-j-j i^lj 4__JLJ1 4_i___->J! L>UJI ^ya I ^jlr jj_c 4jLjJJ 
_ 3jJl_J1 L^J 4j-_JJ 4 1 i m 1, 1 4 jf j >J1 L>UJ1 J_Lo ( L gj m.*> ^ya SjjjwjJII 4JJUI 
LLj 4 n I"i V o 4mm>"ia L^L- ^.Jl jjLajJI jl Jj-t_JI __!_. _ 4 jj t a l__JjJo i"i>o 
( V ^ VT ) 4j, ,nr LjM_- ^-Jl 4 4JLkJ1 _j_A ^ f jJI ^j 4^__L__Vl Ub>L>. ^ 
(j_Lg.4j )^JL1 j_bj 4_j_u_j>J1 4jI mi jjy3 LaLj i M" V a ~-j i_u _-_! J— > JJ ^__jJ1j 
4jjJ_JL_ (jjl . ^ _ _-Jl 4JJLJ1 4_i_ijL>Jl ^II Lj>L>. Jj_a_j 4(j_4_--Jt -JJjau 
4jjjJ Ct i njt i? j-^S _ i . 1 1 ii t j_ L^____u_titJj 4u1_hJI (jlSLa L__^Ll>.l L^j Jjj___di j-mJ 


'^jrU.Tjr^jl^ll 


_,jt <j \ . 4 j jj j ->JI 51 miiU __9 SjuLjus uj3j4_oJ 4j*S \ _ La £jj _yi SjJuLa j jSo J_3 Jj 

L>U_ ji _*__ ___■ ^^j.j^-JLI 4__jjj l_J__3 L_5_Jl Ljj-il ___!! ^jJI LM^ ji 

Ju *-* _£J . ^^Jj__\jV I 4_ujj ^-JbJ Lq_4J *"jjI_Lo 4__jjj _ya 1 m.m __j_u_jJI jL$>JI 
-• j i nil 4 m m V~i - Mjj->-t 4 jJi_ __]! Lx j m jl 4_lC. Jlj>JI 4_lL>JI Jj-J>J _jl ^<_L-j <jl 
i j-A *j <i l"i V a irwj 'J '> Qr)"' - i U L__j J-3 (J-ljc-u-uJ (jrtj < L ijTj jl L_>j__j j-_J ijJ-i 
dJ_-wljij 3j_>Jj 4 jij'> 'LJijjJ j_a L___j JL_ tj i «*t (ju L__jI CjJ_-_j 4-1 JL_u 
__Aj fLt-_JI (_-__> <_-■ 4_J_ll_-JI 4 i rj y]\ 4_iL>Jl <j\ lLUj <___- JL___4 . ______ 

i4 jK j Cj^ i n «II LjL>. (__J| J j ~r " jl _>--4J 4 j *ji-»Jl 4_ojjjJI 4__j_>ojj Jjj-j-a 
4_ysjj_j3_-!-<» LMJ- L__jI I tiiiv _--^J >J .<Hj i4 ,n ,n VU _J _JI L>L>,J 
4j r Jl>. LjL>. L$j J->jj (--Jl 4 -r i ,i*i V I ^iny lj_v__j ,( V ^~ Vi ) 4jjjj^J| 4__jjjJI 

. 4jjjJJl 4jj_>L> L$j -_5_1l_ 4JJL 

?2_IUI imi*H IriU-lt «gi U|-UI W_- ii j_> „;f tUl_! <J->»j 2*M 

4-_lL>. _>x — Jj-_--— >JI 4 jl o t - i4 I fl iii 4 o fl a i"i . u jl -»j__ _jl -£___>ljJ1 _ya 
j^J-I --j 4 m .n ViH L}L->JI _>j» £-ljj| __J_C _ Lo ->j M.il 4.JJL 4 j r > 
**L___j_La j j f . J Jj 4_iJj_C 4 jU r i4 jjj j-»J| 4j1 iVi Jj-M _>£- LaLx_ ( *i l"i V j 

^yjja i_jl . ... ->JI IjljI c2xjl_C L- ljj_-l LJ ^j^j _)i jujj L*_L *dJI jl jl-u 

C*_JI_>. 4j t^)L>JI allA _jl )^4 n y tll djLj__JI 4 j i^L>JI 0 ju4> Jj V" _n_c-LJI j-A 
L->. jJ j j-J I _r-)lj_*5 J£ C__Jl__- J-i i 1 ^ jlr J)rt"i 1,1 4 t j i U 1 1 J _)U j t,l j iij aljj J^ 
^Lal (-.o .., y") i^-ILj^J 4JI -r . ... 4_JI SjjL- ^M-o q\ VI . 1 ^ jlr L--jLt "U 

jjjJI 4JJL4JI 4jJm.>H LjL>JI JLl>. jru «L^jLj c>j jt/^ 5jjU 4-JL> ___ _n__>.LJI 
_-ic _-JLljj 4jU.,„ <Gl LJ c-wJL-1 ( l-_.L->jJI SjjuuLIIj JL___jV| 4^-i^llj 
i4-5jj_c« j_ic ^Luiij ^L-il Li! j4_-j Ijujl>. Llui ^Jju V Lufj ajjj-3 *<__-"- 

.L_ua-_JI J^ 4n>rj *Ljjj_ 4_*jjj_U j^tc tLA^I _jr\j j^a *L__1 1 ijlr JL>uj Jj 
llLA ^ 4LaLJI 4joltH J_.l_.jjVl __3 I jojuii L-l>jj 4 j ir>L>JI i>_u. ("1 jM 
J 1 ti 1 _-_! U ^j.nil 4JJLJI 4_u_ju>JI L^UJI ^ji^LJI ^L. udJjJ t JL>JI 

__]] JjJt-U ___tj tLbjjJ-U I J t J **M ^J i jJL___i1 £i tiiill jC LoLoJ < rt l"i S-J j-J-T 

4jl o t ll aJJt (- ■ o >j )jljju>JI g-j^ill LM-> _)-___ (jjo 4jLuLc 4 L*>Lw 


'&alUI'6uL£^JIUUsJI 


lLjI j coLa 7r"i n ^■'C 1 LajIjJ Jjt fl j L_£ (j_>a 4jlJ L 4 j r Jl^w 4_xL>- JUv! |J_j-1-> j-^ 
4 j r j 4 jK jVI LujJ jjjl .jL_-JI Ij-A L}L>. -_a*__>J 3jj^-« 4 m t a "La*>Lc 

jJ>» \ g-j ini (jja r^rjj u_-jl_- \ <j-« ojl^i iLabeled 

d AJ , , J ^ 

*UJL 

i $ 1 1 jj L^Ljw (j-u C-J_Ll Ju JL.B L^jI 1jJL->-j Lbjl m a j_j__Luj i L-iL-u ( V « 
•5 j m J I L*}L>J LaLoj 4___j ___»_« 4_UL) 4 1 r> idt-* a L*>L>. (__JI Oj-iLjli « *SjuJ__>JI 
) JjVl LAjJul__w3 L>L>. ^jC J_LI ju 4ii1"V aj iJUJL>JI 
4 j r j 7JI L>L_>JI <j! i4jjJLLII 4 j i^Lit-j 4_Bjj-xII 4 j i^LjJI $JJb j-a ^"m n.*t 
l__JLjjj jjjl <r>T> L$_l 4_>.jj (__JI i L^j 4J*__-l>JU 4_jj_JL _ L-Li jjj (j_4 _ jjLjj 4jJL_JI 
^Juujj i L^Jj^So (j_4 lj-?tjj V Ujj>J L4I4 3jL>.1j £j___-jj * JUJL>JI ^j 1 11 ill L*M->. £4 
1 3" mj (__-- y 1 11 m J3j . L^l-U LJLSj L1_S jrnnl (_^->> L^jIj-lIj <_ r jj___uj L^_oL__L ^ylc 
4 1^1^*1 Vitl LjL>Jl {_y& ^ljjl __JI jjLTi ju m^-J *WJJ LjL^j ^j__ . _uj j _u 1 -jj £juJ_>Jl 
4____>jV j_>-L$il (j^">L_Ll (____ J_JJ __)j ,>i" t (__JJjLj ^^j-j <-r j ,„'|| l_JI j jl j <r> tll IjL^J 
LAjJLl___a ^yjjij 4jJLJI 4jr j >JI 4_JL>JI j 1 "1 t" j .t^^-Ii J-» 4j CJjJaj ^,-JIj 3juj_>JI 

jU_ LiLljJ . 4jjj_UI 4_u___Li_ L^ojj^^I L>UJI j-Sl^ ^Lt-jJI ^j jll 
Lo-^-j Ijjj ^Jjj l__j-^_ i4jJL_Jl 4 jr j 7JI L*>L>Jl L^j j j * Ti ^.-Jl 4_jjJlUI 4j l^L-L 
ijajJI (J-^J-a 'j 0 nntll jL^-sJl (j-_»lj_>a! ^-3 4_i__>L>- tj in" 1 JLI ^ ^jLtJI ^ 4jL-_U 
4 jr j -sJI L>L=t_J 4 joaV1 {yi j_L! Lcjj C^L-sl Jl_ 4_jjjJJI 4j <^L_L jjjSu L-L!juj 
^ 4_*JLJI 4__j_cj__>Jl 4_Jj>JI Jjj->u lj-_«o JL_3 pl Jill JjiL Ijuj .4LJLJ1 

. L^jJjjj ^jb ^--Jl L>L>JI ^jj l£I (^JI j^>-ll 

4_J_>JI ^-jk t JL-__->Jl ^-J- 4-iJL 4 j r j 4_ji>. ^ukl jl ^yjj L-A j^j-Aj (jl JLiVj 
. 4 1 1*1 1,1 Jj-u___Jl j-jjC LjJ 5j_u_> CiLal JLse-l 1 nl ^gj i 1 p ^--Jlj t^_J_J 4u uiill 4jr 

^jl (J^-L>-LJI (ji-JL-I JUWJ L_U->- t jl J__-j 5JLCL_- JSJ ^jl J-S*jU (jl (C^il (jj* (jSJ 

(_--_ (_____ jjj 4 i j t d 4 Je i.m? ^jus UJ j-Jw I _L_*9 i-ljJLJI 4 jr jL_>JI L^L_>JI ( j____U 
L *>__-• 4_j_cjj (j-x-u ^jjo Lj-I_-J 4 t-ta mVi -1 L*>L>. ("iTnr Ij 1 4 <i 1" V \Sj-*~ ' 4_-e-_-ut 
Vj t H j-w) l-jJl_>_; V 4ujjJJI 4 j ujU-. _jl (Jl )4-La C-3l ^-OJl JjVl I <; ti ■„'> 

1l_-»jJLLI (j-C jjju-JI I j^J 4j_jj_t_fl luLu_j1 Jj>-JJ 
4j ai^s j miIj j T-t" Jj4>j t4-_JLJ1 4_i_c j->Jl 4__lL>JI j-4-C (jc J1J__- ^ *t »"f jj 

)S L>U 

. >LalfT M ir>*4 4j ^nnn ^gll Jl j___J1 I ju*> (jC 4-jLk^Uj 


ftjr\?JI'^jl^ll 

U-Jt* <~_-Wt _*.i_kJf <*-_t *-*■_-_($ «U-Jt 4*|) 

4-JUt 4_* i__t 

jru LaJ_ i La j___ ^-Jl t/Mr 1"iV a C_jL jj-~Vl Jl . ^jLaJI ijjjj-C - 
-_j__3>L-_i-1 l_JLL_> tjl ^j-C tS^^J^ Ol^jl.n-ia *i_-JLJIj 4 jiji?JI 4j-CJL>JI L}UJl 
4_ubLa 4___ jJ I 4_>- j (j-L- j LlJ ^jr\ >"i"> (_/i^~ 1 n^ijj **L_jL_La 1 nt > l___j__>j . L-__J t OjJu& 
. L__jf (jrtJjjLJIj (jOj-_^L_JI irUMiTiTl ji"nf 'v-»JI j£_ui>Jl ^jajLa _>>a J_i 

4jjJ 1 o $La *>__> <jl <_-__ "LiJLJIj 4 jijj -»JI tj_"ijr *V -»JI (jg"ijl-*»Jl <j_-t Jf> (_^__-> _ 
L*_> i J___Vl 4 j1t»IT (j^I_uLL_va (J-TmI^ *U__cV I §m<\\ JljJl>Jj ^l i - n*t*_^l (__lc -jJLoJl 
_ 4 ij t a ___jmJ_* (_-j_ _ 4 in ,n V" a LjLi- pU__cl (_-Lc 3jJl__J1 L^jjJ I a frLa J^L_T <jl 

. 4 ijt4 l__jL__j (_£Jp 

Unspecialized L> _____it_ ^j-c 4JL>- <____ ^j t | ^___j 4__jjJ_JL u J£ Jj_-_ _ 

(____ L-a-g-La J5> Jj-C (j^_L_>-LJl _____Lajj * Jlju (j m n _^_u ^J L^L_*__" jl iState 
JJJ>J (_____ Ij, V o " C I . I fl fl_U J-> -r U < iM 5j mi ~UI j n~t i,ilj jl L-ll 0 inljJI 

3j j 4 4 l-jLLjjjj-JI _»j__ i4__oL_- CjI m 4_oL___jj I g if j-j-C 4_jL>JI Ji-I j oL-ujjjj 
S jl*j (j_jJ j*1 JJjjLoj Jaj L$j j-oj ^-jJI jjJ__JI Jjv1jJ.j b^litil 
OCjj IjJ 4 minVlfl L^L>. *L__clj j-L__i_uVI __Jc *>jJL_Jl LgJjJ _j_Lii_>Jl (j-a fj} _ 
.3jy_L>JI L^L>J1 J___J ^jj V (__!>. ^--.Llll _jL^> JL-C ^jl jJjj-j jIjj-*- ^___ La j_i__j ^yS 

t4j__->yi jJaj^a jir j_L-ujuj Homing j_>»L$j (jl ^-Lc 3jjl_JI L^jjJ L^^La J^ _ 

L^jjJ 4 i rk t n V "i a L)^L>- ^Utl l_Bj___ Lo -^j i _j (___) 1 $ "i f ■ Ijj jJc L^L>JI ^Jl^jS 
3jm-j t-,j >• . JL____>JI _-_» ^H>JI u-^- 4 jl < ^l"^ 0---* o^I J^ ^ "' c^- 1 SjJl-oJI 

. L^>->L__»j (___» ^jLlII fu ^j i4jl 4a__J1 liIjj ____ ^LUI jL*ej ■ 

a__jut ^u^- j_>j^ a < ;.j ;y 1 **.u_ .uyt ^Ld-Sji j.>a--.vt ^ ji 

i o ^ i a J_* J j i r\ "*J I jJL__va _ 
(j! VI t 4_£)jJl 4_>-j ^.lc jJ uall ^jj^l-a <-,,,. jl 4__JLJI 4 jf j ^JI 4 jl^Tl 
L^jI (j-a (_-ic ^-JbJ t J i.i y\\ 4 -r mi'J ^jja JJL-C 1 j \c IjjJLc ^___>LJI 

Jj-y-a^ Vjl I fljlr J^rn tj 4 i^jijj-HTI 4 jr j ^TI 4_J_>J1 Lal .3jjL ^j-uj dj^-wjja 


"iiJUJIlLiclaJI UlLaJI 

_>* jt 4 jl^ljjl 4_)jl>JI 4___JI L>L_>- <jj8 IjuJLj-j) 4_ajj_I _>* 4 j )uy L>L__ 
___> _, fl in _J Jljlj VI 4 j )j ]y 4-j-C. JL_>- L!>L_>- _.<i m" V (r. < n^l j j>VI L *>__-. 
j_J__.J i*1 V \ lr 1 4 '< J t fl 4jjjJ__J J_-1j_4J J*XJ J i___>Jl _>J__JI , 1 < u £jL>- <"< imii 4 
* 4 j m }y\\ 4^ Jl>JI L}L>J1 ___• _<___ _J J>-- _jl ^j ______ U rtt 

jn^t l ^ L$_Tji__j _ 

L^jL-i _ 4 Mt a t-__tjji_. ____ _ j n ^kII ___- <""Tjj l_1 4jm1>J1 4_t_: J_>JI 4_J_>J1 

4 jUt a i4_pL_lj 4_fljj U i ^jLo_jJI _.lr 3jJl__JI L^jjJ t 4_2l___ jl__>s Lj*L_- jjjS-J 
L}L_>Jl __£> __J__*J V 1__A$ i4_j________*___11 Ljv|__-J| ^l j_f _ya lj V r __Jjb 

. Ijj JUC 4J_tl_Jl 4jj_ j_>Jl 
___>JI _>jL_JI ___ _>__>JI JUU l_$5i jl___ _ 

JjUt*i Jj-J m jL_ ___ C-Cjjj j m >JLl _)_4 Cj j_>.| 1_1 4 jm>J1 4 j r j >J1 4 jl->Jl 

j_L__ ___j__j L}L>J1 _»j___. j)La _ 4__,jj_itl Lj*L____ j___>J1 J__J <-__*_! _ __cL_ll -jL^»- 

Lo J_*_l_ _>_______!! 4____L Lj*L>J1 _)jj ^IjjI oj^j 4 i^inV*< ^i*^) Ljj->» 

LiUjjj <masses Teratomas 4_JLL j__J1 J__JL _i j_ju 

£^L__J1 ____ L^alj V" niV jl 4__ljjJJ 4_>JL___ j jr 4 m j_l__ 4_j_Lj__>J1 

L^jL__ Lc - j , „'> ___ c__jj 1 jl 4^^y<U ^jc. 4jJLJ1 <j__ j_>JI L}UJ1 Lot . ^ 0V ^ 4JLJI 
jj-^jj I £*r <tLjj jjo"it udJjj t-f ji (i ill L*>L>J LoLcj 4__uLLaj<j L*>L>. _, U«~ ___J Jj ^T» 
L^1jlc_1__V *>Lkt L$L_>-j L_pa t Ju_5 _vj l^ir L___>_ Plasticity 4_jjJJ1 4j ^U- 
.(^) La j.nr ^ ji ^im) ^ 4__JL ^1j_>.! J__4 J*>L-.yi ^ jl j-MjJI Ja 

Pluripotency __1jjl_J1 5jj_j . 
__i_ LgjjjL_ _;! t _j1jj_U1 3jJ_j 4_j_l_>L_>. _lli4J 4_i_j_>J1 4 ir'i >Jl 4__lL>JI 

_jL__jjjJ1 _j_c j__j __jJ1j 4 irt V jJLI Lj»L_>JI ^IjjI _, Ut**t ___J jjl 4 rJl 

^jj___jV1 __-bj Three embryonic germ layers 4_*>L_JI 4 jij^ll 4_l_4j3j_>J1 

CjIjJL- CjI j j__ljJl ___3 __^_3 4jJLJI 4^j_>Jl 4_lL>J1 Lai ,^j_)jjJuVlj jajjJjjJLlj 

( _lj__ 0 nj t"i ___J1 ___>J1 -j ,„;11 LjL>. j-j-4_>- ^lUr V ____ Multipotent 5jjl___j» 
J_ _,Ut") _)1 ^jU" ..nNeural stem cell ^JLI ___ 4__JLJ1 4_j_c _i_>J1 4_tL>JI JLL» 

(jj- __^J3 )4j rr>L>Jl aJJt J_L_J __^ j m^U __JJ 4__4 C_>-jJ-. I jl LjI . j_11 LM->» 

(JjJ-- U£ LiUjJ L_L ______ I _____ _j| VI i5j__CL0 L_1jJl_ Cjl j C__u_J 4JLJ1 &JJk 

.41-111 Jj.nMI 4Lal_JI 4____J1 4_i_j ___ 


toclaJr&^liJI 


itiyWt ^)L>- ^LLJf (__!__ 3j-X__Jl . 

5 jni^Jl 4-juCJu>JI L>L>J1 ^-lc Jj_-__i_>J1 Jj-l-^LJI ^IU" ...I j il ^JLI <_-__ 

- f< <t Ti Co. I jj ("m o » ^oj 1 1 JL>. CjI— l^5L> 4jj mijII 

t 4j_JL_J| -U-C_JL>JI L}L>J1 Laf • JL_>J SjuJ _ 4 ininVifl ^j-C 4jlV? U_JL*_j 

< " » o r nSM JlSjB t j j "i*sll ^--3 I j o mj 1 (jl r I j jj L^Jj-C (jj~->-LJI JjLv 

^ySj .4 i ^ i Vi c L>L>- t ~ < •*• j i ^ I J CjjjLcJ ^jl l_jj-J La ^ i5jjJU-e-a 4-_*.jJj 

JLjj>.V L>L>J! ^Utl ^jJI 4 j-LJl>J1 4_l-_ j^JI L>L>J1 cj3>LLwI 1 j_a 

.jn<nVn jl jjl-*JJ ijt (jj-i JLi-wlj 
^Ls I l____j 4 K i g * i ii rtWl ^j-C -LiJLJl 4 j r.j y\\ L>L>J1 L-_-9 jj j i ~ %jj 
-4^! Q>>-l (jr-JI L>L>J1 £yA jJ-__ j-i-H (jyJ--- J J ■ «*> ~- 1 1 c^-"->-LJI -^j nU 

~_______il ~___]LJI -^jl^JI L}L_>J1 -dJjJ JL_Uj .-:>LJIj ~-__l jjJI cjL_lU_c ^ 

L$_l VI tj i "t jJLI <_-_- C^Cjj ^cJi ^LtkjJI ^y-ij <j-4 jl jAjJI _y- L_Jj-_c ^yjJI ^jJJ 

I jl ^mrt M L_£_! JL3-J 1 fl Mt 1 L}L_>JI -»j__- jj\ JLU t^l < ii ~i'lVI ^jjC ~LCj-_-_J Cj-___JJ 

L >___>. _jU-"j (LjI __jj jl l__lj_j__>. _)L--* ^lj— --• (_y-**J^ (jjL-LJI -r j i ,i \ (^ja c___.jj 

. 4_lS 4_Cjj_UI -r _i i u-JI L>L>J -_2uLL_-4 4 mmVi c 
tj-C (jj-o-LJI L^_3j-C ^y-JI ^j-oljiJl (_ya Ijjj_> <jl "-!__». >LJIIj jjJl>. j__> La-«j 

tj i~^U <____ L>L>JI & jla 4___ljj J>L-w (j* L__j-5j-c 4 j m)->J! 4jcjL_>JI L>L>J! 

L_jLlj_i>- (j-S->- J5Ls- jj-4 L_bj_£lj_C , t n 4 ~__JLJI ~u^j->JI L*>L>JI O L__-l__ LaS 

.4_JLJI L!yL>JI l-JJj ^ Jn MVi ijL-Jlg l_jjL-_J! 
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t\~Uftl\ 

% *» 

jJLJI ja (Fetal) j-aLJI oriJL>JL jj *U1 

• jl t^jjL-ul *>j Mir ^l 4jljjI ^jr^J Lo j a tll ^j^s 
uiaj jl*3j * J4-3JI 3jJJa jjjl J^j (jjJl dUj 

. ^jJI jJ— ual! j o r (jJL^. 4j*VjJJ «jJaL» 4_J< 


Luajlj t 4 j r. Jl>JI 4 jl^H Cj^Lw 


tj^-L>JI La>j,V t<ri a ^jJI 4 j iji?Jl 4 j r *V 7.II 4_iUJi 
^j^a Ljj-_Zu (j__«L>Jl jaj-jJI (_--■ J-Aj 1 1 JL>. j£Lll 

JL>jj *^LJI <jy**l\ ^j^J' LMJJIj .4jjjjJt 

Um-w i^^Llll (j^l>JI 1 11 "k 4y inil ^ja 

5j > 1 ^ CjLljo^ jj_>.j jja JLj V 4_Cj_ciiJ ^y^al m tji-t>- 
^pJI «4 y ,,.*&! > ^-3 4j r 'l^ll LjL>Jl dJLA ^jja 
^jLs I jJ 1 1 J->. 5j j j ^ 4— Cj f 11 > jjLaJjUj J-J^JJ j 0 n 
^jjs I J-j> I j j j ^ Lq-^ <jlLLaj j o ill IjLA ^ 4j_OH 

*1 Url ^Jjc 4-JLc SjjLe L^jjJ (^jJI t 2Li£. jj>JI LjGJI 

4j 1 ih^JI 4> in'tVl jjjjuj t -r jniill L*>L>. ^ljjl £Ja>» 
(jjQ 4^J,I 4 tt 1 nil lj£j <4 jtn -vj I <rijj a t n" 1 n ^yjJI 
LjL>Jl ^JL^j jJaLJI uy^\ 4^,,,'tl (^l 
.Fetal Stem Cell <*) 


J, — ^ L,M__^ I — «pj. 

^j^Vl 4-ulj^JI uU.rtill 

«LjLiJI ^ 

w-_>II 


i4j J--»-jJ i^jJI -j ■ ___ Multipotent __1jj__Jl 3j u , <i L>L>. __a • 

U" i iil V t <4^_ 3_j_vjJ.I - j m 'Tl L*}L>. j_j_4j>. j__I • ■ ..- u;[, 
^jJjLja J^jL^j >- jl (jL-Lii 4i i r> 4_Lijj mi <"i nM T j->-i _-j nii L5L>. _jUt" _j l 
Fetal jJ-LJI jhJ^JI ^jU 4 . m 4 ■ r j ^TI L}L_>J1 JLiU J, , ,,, 
*l >4^TI ^jJI L}L_- ^IjjI 0 U*~ Hematopoietic Stem cell 

fjl*-* jjfc L__" _ jA_La - jiL_ jj-l g-u-Ji L}L>. u Ut"i V _4__J LUI L*>L-j 

fJ -J-JL» ____) .L-UJ__JI Jj n", 1,1 1,1 ___ LflL_ -U- j J t".j J__ (jSJji^j'-'! _____ 
CjIjJ SJI 3j _j 4 j __l =- 4 jJjJjJI 4__j CJ — >Jl L}l _JI Jjl U" 

-j miHI 4JJLJI 4_i__j_>Jl L}L>J1 j_, 4j1 ___. L^ji j_jj iPluripotency 4__L_J1 

_ 4J__ 4_ij_>J Jj_>»j _ L_^4 VjL_j ^jJco _; JJl j_a -'1 <3j___> *L__I ___ 4 mii'i 

LjL>JI I ^ijr __-> Lo - j 1 4__JLJI 4 jr jL>Jt L}L>Jl ejjt c_L_' l_j L,_r. 

)SV f l jJiLJI _rU-*lJ 4^1__>JI 
f 1 i M n')VI ^JL. lj_w 4_JL_ 3jJL_j 4 j r *\ y\\ jJsLJl (jrjJ^Jl LjL>- j j <t "" _ 
_4-i j__ JuJ i 4___L>JL I j <w H J^aljC j1j-_I ____ 4jjj__JI L^jJL_j 1 uajlj <4_Lj___j 

3j__L__-J _>-J 1 fl OJ _U j J_* Aj__Jlj L_u_U_M __J1 L J*L>- _y0 L$Jj_- _w»J 1 i ii n 1 

. 4__ j___j j <jTjJ- 1 3j_4 t^lpr 5_L_L__I ____. l_iL__II j i ii <TI Lj4_*- 
jJL_ i jjtj 1 5j j *i\ jJ_LJI ^J_>JI ^ya 4_j__ j -vTt LjL>JI j j "i^ _ 

1 __- j_j__J-j L5L>JI _)_a L_ j j r _)__ tj?j L>J I j _y_4_>JI j-jL—U 4___ j_- 4_J_- 

Lo ji ___.! ; 1 1 ________)! L__)l_> _j__wj j_ji__ ___bj 1 4 j r jl_>J I L>L>Jl 

L*j «_.fcj ^jL-J ^L^ic 4__ljj__JI 4 r __jVl « Antigenicity» _> u ^ 

^J _)-« j t Jljlj 1 ^ <o j )j -v ___ 4 *, j i , ri T ! j \ n ^T I __J G ^cJ c(j^j_J I j j t in! I 
^J <i y J-J-Jij LjLi- 1_4jL_ j-J-I _ - *t 4 J J • _>Jj-J-VI _ > __9j ta j _)l_La 4_j__ _>_L 
^ 3>LUV1 __!_, ^jL-l >U ,L>L_>J1 J_*_^ J>_-Vl 4_j_IjjJI CjI q ,n .11 

. 4 jlr oJJ- j j| i^jlr Ji-_ l_l I^La 

I j_ij i4_tC j_*JI ^ t Ut ft ___J LjL>. ____. (JjJjJ 4__jL_JI 4 J IroLJl |^"it-K _ 

Jt 

jl _}__»j-__ 4jjJ _>__jj_4 ___) ^jjJ 1_4j1 ^_ja .4 j r *> >JI _fj> inlt Jj__>JI L>LJ- 
_^L__4 _jUt a _>_: L__*_JI _)j_ _>J5 i(Jj->-f 4_jjIjj _p_| j__! (_;? j| __cl_La _>_3 j_a 

. ___-L_ll ,UrtlTI « . m tt"i T _>_2Jj_JJ L_.L_- 


£dUII QfljJI yyg^jr v?M *4jlaJI 


Graft ji 4j «Lcjj-UI L!>L>J1 j >^ < ^jinll L}L>. J*Ja jjj Lijju Ls dJLiA - 
i< nj inll L}U. 4-^L^aj 4_cjjJli L}L>J1 <- b .j%. t versus Host Reaction 

4J-4 j-j-u Lc-4 i^jJajj-ll ^.Jl (JjwJI J_l>J1j ^ 1 htH (^-oj L>L>. J-oj £-4 »__jJL>iJ ^^iJlj 
^ 1 i u m jj-Lj l$J (jjajjj.1 £>Lc <j_4 V JL-J3 1 J__Laj t4 " ja 4 (jjSLl JL3 L-jLdcl 1*14 
4^Ju>Jl jjaLJI J^JI L>L>. LaIjj V 4o 1 ...^ll l-j!jL-vV1 * JJt )4jjji 

•LK^' L^l J* 3 

^J-C 3jjLfl j^LJI (jA-btiJ 4jr J_>J1 2uL>Jl Jjljjcj SjUjuiJI (j-csljiJI aJJt £j-*« - 
^ Luajl /j£J *4 1 l_J_jJ1 <y9 (J^dIjjo^I j-4 JbJ-aJI £>Lc ^-Js ilnii^ (j-u-1 iJ».JuJl 

^L-kj 4j 1. ^jldlj^l l*JLa 1 jl>Jj l_-_-j ^ ^^JdjJLI <j-4 j^li^ jj_c 

J^kJI ^lLI nl" kll l-jU ,„ nttlj L^UJI ^ j 11 ^l L^jw>U 

.4j unttl LjL>Jl (j-4 £jj j-a j-j-H 1 nl"JL 1-$-l9 ujL-aj ^pJl i^jSj-iJI 

:*flUI «MittJI LtUII £l*Jlt ,|Al 

Fetal liver ^^gu^u^jil^ \ tiAC^j-SJc* j r.t y«U3L^i-\ 

Hematopoietic stem cell (fetal liver HSC) 

^-Js (j£Jj jl ~i t [\S ^ UajJI (^hSJ ^j3 Omjl L^jSJ i^jJJ 4 t 'r m rt 4 j r '\y Lj*L>. ^ 

L>L>JI jru IjjjLe 1 oijT-Ja IjJ ^L_JlV! jru jjjJJI j-Jsjj 4jjLiL1 L*jLj )jl-j£JI 
f jlU klA 111 ^jUUI 4^.jl>J1 LMiJlj j^LJI JrU^JJ ^jlU 4->juSJ! ^JuJI 

LM>JI ^jl <jL$ 1 1 4 fl i j j La ^ya 4 l-jL_JjA__>-1 (jJLlA /jl IjJLwj t^LLajJI (_-J-J ^-i 

Human (! . J .jt) jt ^La cjI l y j ViVl L^jjJ j^LJI uy^JA 4j^ ,<|| 4 j c :.\ >ll 
^U.n? ,jj_-}3 (j^JI (j-A I aUj Jii II ^jjlj I ^jJI leukocyte antigens (HLAs) 

S_iC JL^JI L}UJI (jj Jj tf LtuJI ^ JA f> JlU 4 timtl 4-iJLJl 4^uC j^JI L>L>J| 

)ol n^jV)Vl o^Jt LiOLLI l^jlr jl>.jj V 3j£LJI J>-1jIl (^Ja jj&LJI c>y?Jl ^i^^l' 

ij\ jjJ j^a j^4J (jJaJjJ.1 > ^ L^jJcljj JLic (^cLil i Uril II 4 jU r jlJa (jJLjJIjJ 
jro- J3LJ1 UrU?J1 ^ ^ JlU 4-Lilil 4jJ.<ll 4-lCJu>JI L>L>JI (jl 4_ik jj .LUjASLi* 
jJL^! 4-cLJLl j ^ jJI L>L_>> j-A 4-C jILoj 1 JL>- 4 4 V <r> Llj-cl 0 Ut"i t^jJajjJI ^ £jj\3 
(j-Sj LAjJUua_4 ^.JlJI tf jJJ 4^ niiU 4JJLJI 4 j C ,*\ 7JI LM_>J1 1 fljUt" ^--Jl j-4 j-jjS^ 
jrU-*JI ^j-4 ^ jJJ 4_LliL1 4ja_±-sJ1 4jr .'i^ll L>L>JI <j\ Jj-li 1 i1t_-fc-) La jjkj .^LkJI 

. jJLJI ^LkjJI (__-!> UjjLua* ^jJI 4JJLJ1 (_-it (>4 £>LJI ^ j-L^.! ^JaUI 


Fetal CNS Stem Cells j^LJi oybji ^l^aIi ^j-^t b>L>Ji . r 
_-_JI 4 4 j > j i , ^ r 4_J j I L>L_>. U tlj tjJaLjJI jr__>JI 5j i Jl>jj 

L>L>J1 ll_£j -jLj_i trttW L>L_>. Jl^a ijcJLI L>L_- -^j o> _-Jj Jj T\ L_>jjJL> 

L>L_>J1 oi U_? ijJiljjJI 4_jL_ L>L>J1j 4 ,o r ni LMJJI J*-__-j t 4^jJ1 
4 m.n Vill L>L>JI »lUr I ,_,___ LgJljJ-i j___u 4__JLJI 4 j t t^itll 4 j^ry^U 

4 j i r> L>> (^--kj - 4_iJL <Lx I> 4 j 1 V ; 4j ,r>L_- ^J-I jl Lo_i * j 4 1 1 1 ^ J___J1 

( A ^3 A ) L__u1 jgtH ^jlUI j_>a J__ t 4_jjdJI 
Fetal mesenchymal g->L-Ji j_-L>Ji j-« 3»>4--h-H 4 j r."t ?Ji L>L_>Ji-r 

stem cells (fetal MSC) 

__Aj i__^L__U jrt-L>Jl 4 y , L^J g__j ^--Jl 4x.jJ_i1j 3j-jj_JI LjL>Jl j^o ___b 

4j ^lStll L>L>J_> i4 .n.n^tlll LM_>JI _yo jujjJI _, Ui"l j p-kll ^ 
LM->J1 j>c < nT.y^ L$j1 t 4j^jJI L>L>J1j 4-ijajj L}L>J1 1 j£j i4_Jj_ , 1 
L>L>. (jjl jjL_i_u jl \ $ i< o j r,j i^LI__JI <_____ j-o 4_-JLJl 4 j o *JJ1 4 jr,'l ->J1 
4_JLJl L$j;J-3 -JJ- ^-Jl _____>! .4jKjflt1 0>L-___J1 L>L>j ^jJI L>L>.j 4-yjn^ir 
1 0 jCj-JLi L>L_L <-jIjJl_. ___c -j_* > t Jujj ^-jJIj j i IjJLl <___> j-1 ,,, n*>_M ____, 
ji_1 ^ L_-_JI ^__ ^ ^LJI jrLb-il 4 , SU-ijL^Jl L>UJI jl L_-_\4__JLJI 

.jJLJl ^lht-H ____ ___» -Oj_».jJL1 4_iAJtUI 4jr ,'l-»JI L>L>J1 jyi j jV\i 

3j_*_UI 4__uJL1 j-« J£ j*__-LJI j^o 4-cj o ^ a jl * Liik <?j^j l__*j L*-4j 

(jjl j-^LJI jg T 4 j o tITI 4_j__; j_>JI LM_>Jl Jjj_>iJ jja IjJ^Lcj SjjJal t i , i,j 

jl \ _ (jrt_LjJL> 0 , gj 3j>U L>L>JI I j_x_>j_-t. jri__ t 4 jKjn^ r L>L> 

-_>l ,n tll (j-olj^-oi ^>L_-_I _-ic 5 j v n a L$_j__ Ijj -wj L_4i-_* iGalectin - 1 
. (At) Muscular dystrophies J.h-H J!l>J1 J!io ^^U-^l 

I o'm ,n r I 3jj9 _dLU_ t 4JJLJI 4 j g-^Ul 4 jr 'v y\\ L>L_>JI jl ^t-cj ^-Lcj 

*HLA II ^jJI j-o 1jl_> >L_t_aj HLA I ^jJJI _y» f__JI 4__v__j__-« lijIm 7 j"'t! 

L-JI L^Jj_> j JLtC ^-cLII ,lnrt 111 l-U^j ^yii _Aj_j_c j-4 j____w! ^-^-Ja ^J j^aj 

^ya L$___L_ jJaLJI ji-L>JI j^ 4 j.<_.-_UI 4_j__ j->JI L>L>JI jL_ i<j-*jjJ,l j <„> 
jj__ HLA II ji^ j _-Vl __u_U_ V 0 ^ ia ^ju,i r J^Ij-cj ^-cLUI j—>J1 
OjS-1 -JJ oj ^ j ) L->ut JjVl ^JI , Mh V L^jI JL_j U^.^jj^JI L^___-_l 

^Ljtjj L^ol .V j-J > r, V LoL^j c_> j 1 lr> 1 1 jJbj i I ^ <r t LjjUL jj t jjl CjJl__3 J_fl 


ijJsLJI jrj-iatU ^uutiJ! 4o£.jL>Ji L>L>JI <jl (jjJjij j^LJI J*_> ^>UII 

jJjlj l-jI ij at fi )Vl J-Li jj t^J Jjljlj jl ^lr IjjL-9 LjI jj L-se_^aUjj c ' I l*i 4"» 

4-_joT 4_4_>5Lc L}L> j^jtj I^U t-j La_* t 4 Uj -sll LJ3jj-laJJ I niU i?Lj^L>. ^Uml 

^ Vj L-j^L_La Ji-_J %J> ^LjJI Vj gJUdt ... ■ ,UTt Ul Vj V 

iU n'^ (JjijJ (4jJLJI 4j <a_»l!t 4_^1l_>JI LjL>JI ^y» j -uSLj j mi ->! ^-^i» tjjjja^ 
. jj LoJ I j jal < nnWI ^yic 4_J_C Sj,iSa (j_a 4^1*1^" L_J L-ojI <j--J Lj__Li4 


L^-jJS Jlj 4 j r j-_>Jl 4 ji^Jl ( rt i^ i-jl g Ul (j_a (jL-SjL-i c_Jl_L_> LjJ^J-J 

jJJu La 4j9j^*_4 J>L> (jja (^L-Jl L_>jJjoj 4_j_uIj J j_4> JjVl t-Ajlj-_*il 4j3j_«_4J 
£jLc jJfc ^L-Jlj t4-__-_-_>JU ^^oLuJI J^ljJL 1 fl ^U CjIj j il (j->a L^jLj <y_ 

> » i ni 1 1 j^L. 4jmt"nnd 4 j irtr C_jL_> ^j-oljjlt 
4JJLJI 4 jr Jl>JI L>vL>Jl 1$ j*4 V Vi i n~i jl ^jSUj ^-Jl (j-olj-a^l J£ Ljj-ojj 
Jl^j3 jiJ . l^Lc ^LJI pryjJJ 4jjc j_>JI LMJkJI ^l jJtl^l <j-Uj *£>U_J 
3jlj__>jJI ^j. j^So tjjaLJI Cjy^ll 4 jr J-j>JI 4 j|V II 4_u^.}L-_ L-iLal I V "i i J 

: L$-Laj Lbjj£. <jjj L_4Jj ^-JLc 3jjL_JI 

In utero transplantation ^ yi JjWi^ jrU*^ £>lc • 

t4_a( ^oj>j ^--3 Jlj L_x jj_j jg <^tl (_jj____j ^y-JI (j-olj— a_M j_a JUJljJI -JLlA 
J-Lall ^-L. ilr>!i4 j-ujJ i3j_jJe_> 4jlaX i3j__xll jjJoJL jl Lulj 1 $y%c 4 jUf J 
4JUJI j^.S^I JUu Ji J-J^JI jllcuil JaJL>J V L^t L^JUul^lJL^SJj 
L>L_>JI JL>j1j ii-ilj J- tj ^M—jJI 4jj t m £U jjaj t lj___yVl ^-Jl ^o21 n 13 lj3j^ 
jja jni -wl (jjSLj ^-jIjjJI UajJl ^ j t 1 r-i "t I ^->jJI J>L ^LJI Ly 1 1 4 j r J i>J| 
SjJLiil ^Lo! (jaijaLiJI j-L-i-J l-Bj^ JU-TlJL» ^-Jl *4jJLJI 4j£. j_>Jl 4_tL>JI ^ljJel^l 
1'iT.^jt U£ J-SLJI 4^j_>JI 4alit_J (^IjjJI J^Lj-JI Uj jj-an ^l ^Jj^l 

4jL_) ( 3jVjJI JjjI cj^-L^Jl < n irT) J^l\ LtJJuOj (j-slj_aVl l__>L_>.I ^\ IjJ^J -4jJIa 
jJsLJI (j-LO-iJ 4_^Jl>JI LjL>J| ^ljjt j^a ^jj JSJ 4^-oUJl L-ilj j JJ 4_ijj_a LuJi^ 

(jr-> V ,nU (J-^jJI (jJ^. L-JJL-JJ Lj3<lL_L^J I ^ "l J^^L-O ^Jl^J ^MjJI ^ 4j3 \ > "( | J.I 

j_£l ^h* ^JJJ 4l__Jll 4JJLJI 4-LCj^JI L>UJI (jt 4j> L-ui V La-aj .^k^jjII j^j>U 
(_P>. l( j^Ju_JI ^j£. 4_^lj-Lo olj-_> jjs I4.ua ^J U i(j^LjwLLI 4_-Jl 4 jr 'l^Jl L^Lkll 


jj^ ^J^» 


'toc^ajr&^laJI 


Cj!jJL_JI JJtla <_-jljJ ^Lj-u j t <i -u L$j! La£ .^j-^JI 4 ,jf *1 ^ L^jl IjJSjjij Jl J-__e 
^jlJ 4___--xU 4j£,Jl>JI *sU__>JI ^ljittl^ul CjVjL_*_4 J-> Ljj-ojj i4_JLc 4jal ,nn')\ ajJlij 

1 J MinTL o^Lj jl3 i Jo->JI ^j-a j-f>-Vl cJiJI 1 U mj ^£ jjtj *^_>jJI ^jJa (j-._->JI ^iL-J 

L*>L>. (^l 1 lnrtl*> CjI ij-r -»L*>L>J j-$Jo JL_3 (jjSwJ (j\_L>JI ^jl Jj4>J »Uj mi t . <j , nTlj 
4K nill _■ Jub ^^ic L_JilJI sSj-^ ^3 ♦ e_jjlaj 4 jr Jl>. jjx. ^-.o- jl 4jr j *w 4_u^c. 

VI t J_«J1 ^ JjVl cJiJI ^JUJLI ^jL_>JI L^UJI cLLlcLj L,,,,*, 

^ L^aL-u ___,! 4_pjJL_3e-4 £<o (jrL_->J1 ^jJJ 4 * m,*U 4 jf *V ^li jrt-I>JI L^L> 4-te q\ 

- j*jlU 4l__i__U 4jJLJI *Llcjl>JI- LMJkJI Jo_c <jlsyZ ^JoJI ^ CjI jJL 4L> jJLI ->jL__ 

( — B 4_iJL-J1 4_l^JJI "-____jL_>J1 L>UJI Ij^jj jrL_- dilj (j_-j (j J ____JI (___£. .4_>JLaJ,I 
t Urtl 4 K ,*i, 4 [j^s c_jj__$j 1 j**'- >. ;4_i_-LLa (J-ojI V J jj fl *m I_$jI IjJLjwj t (j I j-t >■ ^_>j 

4 jf a y\\ L}L_>JI Lbj-cjj (ji-a__e IjJ ) Jo_>JI (j-a ^jL-s j^c ^\ ^ 4 L^J c>l-_>J1 

fj\ JL*-JJ I 4.4 t J_a_-Jj ^Jj cJ_i3 L$j5 IjJ-^-J i J_i_3 ^j_4 Cu u ' A j jj-jJIj j-jJJ *-______U "LtJLJI 

{-\a y~M,il 4 jU r ^jjo ^j , „ Vi "L-JaLJI j "L__JLJI L^j-cjJj 4_j-^*JJI "L_c._i_>JI L>L_>JI 
^ljLi^JL^I ^ juV (jL^ IjJ . (Ar) ^ jJI Ji-b j-^UJI ^ ^jJJ "U JluJLI L>L_-OI 

Lc^ "LcUI "K,',!. L^o V ^l j^LJI jrU*JJ 4jn-rlTI 4^Jlj>JI L>L_>JI 

"l^j^JI L*>UJI oi 

ljjL_>J i(OjJI J-Aj ^uiJI Lj_-L>- (jy^ Ci-_:jj (j^_*__3 1 1 iolr 
Ijj_>j (jb 4-_5______Vlj »1 ir>f Vl O-o j j^TI ^ 5-»j->.j_a ^LJI urLi-*^ 4-j-o-^UI 

^ UjljjJ (__-_!! o^La^l ^-Jl jM_-JI j_jjjj ^l_>- lt^ '>L_-J-i 

JljJl__!_J| ^Lil jj-t.lL u n 4JL__>. cJLLbj )4_*l ^ Jlj l__o jjSjj ji-jL>Jl 

X-linked severe combined immunodeficiency ^...iTJI u ;m^TL uW3jil 
^ja 4 jr jl->JI jl—iSJI L_j>L_>. |*l \ V" m,L t ^o-_wjJI ^-j- ^--aj L_4-v*>L___. j-^J J-*3 

J Ai) ^UIurU?JI 

Gene Therapy OLL^b^^Uli^ • 

lj * j f I ^j I L->L*j lj__*jji cjI ij ^IL ^jL-JI JL_a__-o (___- (jjl * tj J-«J 
(jjjL-u JL___s i<_^ ju>Jl 4 jl^TL 0 o , „ _> (jjJI c-al Mi*i^Vij ^L____JI o- 4 

4 — tL^-la.j 4-j ^p^jJLI £_j a= — u__j jIj-U O^i^ cr-l CA^' J j t^>jJ 4 K .n 4 

tjl CUj tCjL-u^j j <ill j-A (jL-t 4_j j-a, 1 V", < nj Ij_jL_T (^jJI ^LcjJIj t 4_j-jl-_) j-j- 
4l_>-jG (_-__>- (_>-»!-_*> ^-1 J V" ■ ii I *lj->- (j-« J-^l hi a CjJL_rt_j JL__ La Jj V 
i L!>L>JI «_>a CMJjLSfcJJ L>L>Jl L__-_-bj_j tjrt_>. ^jSJ ) ( j__ajj_J. I , \ ,ny ^JI > J l", ,f j_j 


£9LJI Q2iT>ll ^ «^c^aJI «udaJI 


(j~« J \ $ mi n*i 4 n i U 1 1 (j-4 <i ->JlJ3 * 1 j t j i U * I mlm * !M — fii< J- a *- t l (jj£_> 
L*£> _i_---_-»Jl Jl_i-o jj_-_o v_jjJL>. ^j^o __fl j_>» Vj i L-g___- -L- 4 i U L j 4 t n n*> £j-JI 

i Cj L-u Jj_j_-J I Jjca3 

YT* ^jjo j---->t <j ju-u >J La ij_J__JL L*>L__- 4_-J >U*i a (j-uJ £j_j-__jJtl _j1 jljj 

,1 ... >J1 J-Wj-3 L}L_>JI Jiij <U - '*i hnrti >_*__ ^j-J <L}___>JI _j-4 L-Cji 

(j <\ tri ) I ju^ t n ij j ^uirt mj jom "j j <i "i . .■" 1 4 jlr t . '7*jj *(j_i->JLj 4l <i -*4 
4_j_C _JL_>Jl 4_J_>Jl oijj Jl-__S ijj . Ju-u y\\ __J3 jlj o~i ujL ^L-JJ J^>Jl JJJ>J 

iL$J j______>. V cj>__L__^ ^ cJ>- jlaj tu ^-jJl£ cjL_-h>J-j ^MjJI ^L ^ L.I 

«Ujj1_» (jry-wi ^gJ CjjJsjj t 3j_i_i£ olj~___ jJLuJL! JL_>JJ Ijub ____ <s ^ JL _uj--___j 

4^cjL^JI L^LSJI^^jtj^L-jUI^I IjjL-U^lj.o-^i-S %^tj 

4-Lu>JI LM__>JI IjjLcl <j m VII <_,__ iJJjj ,4 ,„rt'i urU->JI t>a f J-U 4* m.UI 
^j) j| t 4-_ijjJ__JI eJJb CtT y \ JL_flj .^c-*.jJ1 Ji*.L cj>^Jl (_-J] Oj-a <j*->Jtf 

jru. j ^U (jr__*--_-LJ1 l_3j-_w ^j? VI J « Jum IjLJJ (j_J>Jl jL->J J-fl JL-JjJI J-U-JI 
<JJ_L Ijji_wjI jLflj i L*0_oVj JL-u . oLdJL; L>Jj_C, . QLL_j ^ilL (jjA aU i iji_»l 
^ys 3j___J_> cL>jl__w I jl_3 (jj£u L-uj jl t ^JLull (jry>JI J-»-->- _£*jJ1 ij^Jj j dll ^-Jj 
J-4 4 jr j ~*\\ \ a jSuj-JLl 4 jl^ (JJ_)Lfi I jJ ♦ j_xaSJI ^j_j-_*JI ^yS _;L__>j---JI CjLu* 
^.JLc ( jj_____j t_JL__i (jjj ^j-4 (^-^-A m < i tiLUI l____SjJI (____ CJj-^Jo JL-fl J^L-Jt (jrL-_»Jl 

L_jjJ L_-flju_- U£ L-^V ciiljj ^LJI ay^U ^jJJ 4_1J-Jll 4_^c ju>Jl L^UJt 

(jri_>JI Jj-lS (____ 4_JL_- 5frLo£> C_»l jj i4-_I___>lj-4j uj -uVI ^-J-c I Jl_>» 4_JLc 3jJL_| 
< U 1 nj (____ tt ( j jlj n "1 i i^i\ ^-ic L^jjJL-3 L_j___jIj i L^jI \\ y jro ^JL_bU 

4j ^..Jl g j l-JJI L^L>. ^Uto (^-Jt J>jL-__JI ^.Jc L^jjl-Uj tL^-Lj 4_cj3-UI L!>L>JI 

^yic Ju J_>JI j . u ill ___3 jlj ri"i i nVI JutJ L^jjJlLo ^cj iL__u-u 4_)lj_ti-. (_-icj C-CjJ 

<j_Uj Lu-u! <£J M.ill JS __Jj jcJLai (jrj-^JI >--__J ^ ^j tJ L^__VI j jjl-OJI 

jj_flj i4j-__j-jjJI JjjU (jC ^j-J-C (jjj (j-« 4__*.}l_C jljll ^J i .iil l ^JI I fl d J > jl 
^IjjJI Ig-r d Lj-J J-«J5tJ V 4j,L_-->- LcLLd L^u! u 1 11 M tjl ^jU*iin*l V C-II-iJ I j-_| 
(jjJ (j--» (ji^Jj—JJ ^jU «" ^oj _^-«j t2> 1 j 1 1 jl 4-_uj__9 4__lL>- (^l JL____> _pL-t_-t_o (tf| 

._»L*>L>. ^j-* ^->. 1_^j j! _tju_u_>. 1 $ U <i I j jji L-flj-W 

^JL-^j I _; -w*>Lc jU"i'ill 5j j U-^ll 4-_j-jIjjJ1 (j__>lj--iVl ^j-ji JuJ__JI jJL-Aj 

L^UJI. 


.Mucopolysaccharidoses oLj£-_J1 juj__ __>L>Jll _ 
.Cerebral gangliosidosis ^JU JjjLLJI pSHp - 
. Leucodystrophies j_*iJ »L_-oJI 4_ij__J1 J_TLj _ 

.Osteogenesis imperfecta ^lhtll 4_iL___- ^\j^\ - 
.Muscular dystrophy ^l.n.ll JL>JI _ 

L}L>JI L_oj____-j tj^LJI (j^-->J1 4^ j_>JI 4_jL>J1 <j| LLw Iju |j_L_j 
_ya JUJljJI £*}L_ _--3 J_c1j Jj_S____-u j iiiii i j-^LJI jri__a__I 4-ja s_lll 4 jr ,'l *»J1 

.< A0 ) 3^J__>J1 2u_1jjJ1 ^l^l 
Non - ihvasive prenatal Sj^jJI J___ ^ImOM j-j__ u ni V ___JI ___ _ 
L}L>. <j__-j J n "i n jji __j_j_j J___>J1 *L_>1 _,__ 4_l 4j jj <r> rtllj tdiagnosis 

tjnj V ni "T 1jJ_i_a_4 LJ JIcj __J JJ j_fcj tj--l j-J _-Jj 4_i___i_>JI j__LJI (j_-L>J1 
_-___ (___ 4_Ljj_C ^-1 *i y\ jt 4_L~ _jj__L__j jjl (jj_ 4__ol <j-j__>Jl (j_»lj— «I 
5j_wi-4 L^Li- ->J>J f-JU- JJ- 4_i_>jJ1 4_ajjJ_Jl <>___> ^-Lol JU-wjJI (jJ-tJlj )^_-jJ1 

j-- 1 ! j-_ __JI J J _JJ -i-3-jj (_--Jl (ji-->JI Lj*L_>- 4_L_ L___ulj i(j_l_>JI j-jj L__Lcj 

L^UJI^t jJi£\ oL-e ^Lc J__J_jj .i^SLJ.1 J^->JI oLIju Js L___j_____>. 

4_j_C j_>Jl 4_J_iJl U_- ij--M j-J (_-£ (jj_L_-LJl L_>JL->.j __U1 4_t__LJ1 4 j m'i>J1 
4^j_>J1 LM_>J1 (jl JLU tMSC 4^_L>J1 Uj_-iJ>JU 4uL>-j HSC j-jJJ 4___JI1 

|-j ___ JjL_U L4J ^^u-J __U1 LiL_*Jl (j____-l _-_* j^LJI sjy^ 3 10 tUI 

L_^_i _J1 mi aV1 4Jj g mi fJi (j^aj 4 J-4 — >J1 (j-« Jj-*1 _-J-J1 (_--» 4_> j-j— >J _--t>J 
jnj V mmj 4 i n ~r B ^*J <«L_L_» £jj_ulj ij_p_>d1 (_-_S l__jl__sjj i L| jlr i—_j t "Jl j 

,( A0 ) Jjidl (j^J_>J1 (___» __T (_-j1jj (j-> j-4 tji 

JjaL___ i ai^ ^cLljj (j! LjIcj ijJ->- l^K L^cIjjLj 4jr Ay\\ 4. j-1 >J Le l__L_j 

.^■^LJI ^ £->-LJI |*l J ViinVl l^ajT-"! L__i_J i4_J1 _yQ LlJj ^JL^II jj_J1 1_LA 
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Embryonic 4 j U)y\\ 4_jjL_j _JI 4_J_J1 
4 — j _ j, >. LM ^ Carcinoma Cell 

4_a___Vl ^ (jjSo i S i i ^ ^jj r,irt\ VI m l 
<4 j kJl l__oj <n V *4_JjVl 4 j iM ly\\ 


i_»jj_J1 jjU jj*j .Teratocarcinomas 4 «<mj 

j-J-*JJJ ) JU__w ^jj J4_ _JJ_W <j1j i^ J^J lU 

L}L>Ji _*_ jljjujJI 4_J_ ^ _;j--=j 4_L ^jjJI 

4JLJ1 <?jufc fjjJl Lj>Lv jjt m;I i4_____t_11 

L$J <j_xj ^^Ja .Pluripotency _j!jjl_J1 3jJa1j 
^pJI ju__*J1 ^l^jl j-j-o-w ^l jjLli (ji 

4 j 1 j 1 *»J I 4-xjojJj^>JI Cj^LjJI oLojjjJI \ mim 
^jub . (^jjjjjul - ^j-JJjj — j — a _ ^j-JJj — J— j|) 
_ _jljJL_Ji 3j_Sj 4 j mL» JUl__Ij _ 4_j__>L>JI 
4 1 n . l 1 <j _ t > fjjJ1 L}L_. ^ OJ-jwj (__JI 
t 3jj_> ^LJLI jl_U 4jm?Jl 4_i_ JL>JI 4jj_JI 

*(jl_>j__U _JjVl 4 mm -»J1 j ij _;jJ1 j— »Vl j_j 
>____ .( cT ) }_j|n,. ^ (jL_j__l! _Jl__ (jL£ _1 

L^jjJ jL_)1 <j_* 4 jm^I 4_ijL_ j__JI 4 ji^JI 


J>~ ^J^» 


Cj i j j n 1 1 ^j-a ^-Aj ij m^JU ^3 4_uLillj iii ni^l 4l__>1 j_>_ <_-L SjJL_JI 

(j_S _ ^Uj _ lfljlf 1 ; ___II .3 jH^tl 4_a_-j_>J1 L}L___I L< m-SJ ___I1 

^l. 1 r.Kpt U^.i-^jj^l 5 ,,m<» 4_J_-1jJI 4jj1>JI 4J1SUI L}L- ___, 
jL_ ___ L___L_>. 1 jl _ jl nll 4_i__lL>JI 4 jr j_>JI 4_J_»JIj 4_J>L!_ j ,.. II 4 ji^JI 
c__L£ jjlj / A ~^ Teratomas ^jjJI __jl_>_ I a 4 j iK (jL_ ,4'rlia r.n * r<~>\ 

4J*}L_/ _)L_5 t^jjJI ^jjjSJjj (ii n j*_M ____S _OjJL_t_a _jL__jjLJ 4_ijLLdj_oJI 4jJ_*J1 
_ , U 4_jJjI 4jjj j 1 stc LjM_- __JI _jjjLcJ TERA2 ^_-_L l__j_*j 4jj__uj LjLi- 

4-_uj j 1 r> r LjLi- j_j___u _--JI - Retinoic iiLj j " jjJ I <j_a___->J < : m nj__. (j_- 

4 j m 'r-»JI 4_j__ j_>Jl L*}L>JI (j_3j_»j _J <jrt_- ___} . _>_____3t_J I J juLc-JI 4jLL_j 

Lj>L_>J1 ^IjjI _ya JLjJulJI __1J j\ji 0 _j 1 <j1 * 4 ,11 gj u r>o s_Lt 4_jj ,1, Jl 
L>L_>J1 _*_> ___>______VI I j_$J 1j j i u n"i ^jj"! ^L-Jl JL_*j (<dj «4 >n m V "J I 

L44JLI 1_se___j I ___■ i(jL__jV1 (j-« l_»_-j 1 4 j r ju>J I Mjj_>.Vlj 4j_j-L>J1 4_pL_sj__J1 
4_jj_oj-L_J1 LjL>J1 ^j ij ___ LjIjj L_jLl_-1 _)j_L _jl VI t4 1 n n*i _>__«____* 

__JI jjL*_JI ______ SjJLaJtl _)j_ (j_s t (jL_jjw_oJI __jj_w ____ Ijj____Lcj _jj_L ^jJI 

,( 0T ) LjL>JI _ho 3juj__ g-J jjf 
4 jr j >J1 4_J_>J1j 4 jijl-sll 4_i4jjj_>JI 4_J>JI (j_. (jL__L__j __Jjj L_$j| jlu 
ji L_- .4__L_U J__Jl, jL_J1 (___» _____-. I_1 ^jjJI I j__ (jijj <i V jrOlJI (4_ULJ1 
JiL, ULj (OCT-4 ) 1 _ ^_JJI JuU ^__. ^i.iJ 4_ H _oj__Jl L>L>JI 

(j-a jlj 0" , uL ^ 1 ,1 n m 4-jJJJ! (jl ____ ^-J>-J JjJ L^jJI t"L_j_>J1 4j-_. j_»Jl L>L>JI 

4j__>L>J L__Ij_9 Ljj__ jj^j 4jl-- ___ « i _ ___ji» jj_>j (ji (j;i t jjl__u (jl (jjj 
Lj__l L£" tjLoJI ___ 4j_o_>J1 4ojLLj__JI L>L>JI j-lojj L_uf / AV ^ __1jjl_J1 3j__j 
4_J_JI JLa LuLu iSjljj-JI L*>L>JI ^l jjl __!! (j__i_____J! __ic L^jjJlj * Jj_a 
Pera, M.F. ^ 1j_u _>__»_ ____ n j-^Vl jL_j)M ___ _>_J ."Liu>J1 <_^jl>J1 

j^j n -w Luajl _,U*" *4jj__1i 4 jl j*-w 4_u__tj___ L>L_- _,__-. Jj____>Jl (j_s ^JjLojj 

iA jiji>J1 "Lwjjj^kJI _j>LUI cjlrt ikJI Ujj____4j ___JI 4-_______i_lll L>UJI 

i^jl, 11 _yJkJL__> j jlc _jl j jj-jj LJLc L^jl JL_jj . jjjJI pjl , ,1 j jr __j1jj ^o-LL __1 j 

Jj__ _ MjjJ (jl ^J U" , ,1" __j( (j-AAJ t( ■ ij^jJJI __- Ji>Jl J-w>«J L^jt 4 A J (i ^ill (j_J 
jrL> L4JL- t ~ m 1 <m 1 JL_j _ r J_____JI (j_4 4 aUu _ Loj^J I 1 _ oL_u___JJ < * \ inT °i 
____ La _)Lfl j^iUTLj t4 1 ,1 -tj _. % j u-JI ___ L^jK a ___ __Jlj Lcj 4__>jJ )A" l__J_u1 


4_l_j_}jj Laj ii r L_Jj 4_j_jjj_ij a 1 ti f j ^ I JL_ CjI ij j-4 ^ -la-JU tf J-A 

L4J i_jJL_v u t j m 1 1 _ys 4 t jl jJ L_Uj ^-lc _>__* . 4 1" ir - 4 " ii j tnj ^^ItJ J"i_V_o 
^-jjSjj JL>. _-j_ 4_3r j"< i II (jl__ i jJ-i ^t 1 1^) ^jLj JL__jl jt c___L>. jl < L__u 

<jU— c (___! Ji_- J_L__ ^ Ur ^ j 4_£L1 t__ij____jj_LLll o>j _jl_*JI ___! jjl- jj V 

^ 4_ul nj", ) ^ ,„ Vn V 4jj m.iII 4 ji jjjjl 4-j_>L_sj___JI L}L_>J1 jl L*£ - L^LiJl 
< ril"i asj L_Ltj ^yS <_-fcJ • LaLoJ 1_j_-_cjo ^jjSL) Lfr*l ____! jl_9 t'i4 m _ul jjj t j 1 *i ■>< 1 1 

jL_JI <___ 4j'm^II SLc.j-^JI L}L>Jlj jL_Ul ___• 4jiji?JI 4_ijLLj__Jl L}L>JI j_i 
tjlj ^"iinL L-jli JJ-jj t LsLxj ^jl 1 11 (_pljj ^--LL_j jlj j<mj jj jJJI t L___ji jl___jyij 

.(") js usij oi«...sn u*1 LS 

j-a O-ju-a-go 4jj ni jll 4 j 1 j i y 1 1 4-jjI__j— <_JI L^L>Jl jjSLl <_Ujum inlJ _-£j 
1 n "*VL __3j-_u Ls jj^~> i_^j| Loi> t^L_j__*JI 3j_>.j 4jj_____4 4 *r Ulii a L^L_- 

M-__? jj__j jLLLI 4_i_LL>Jl 4_ijLLj-l-JI L^LJkJI jt jrt_- *4J-X-M 4 tf j . A 
Lo_t t(j____jj lfl ir>t> 4_______U i4__»lj_Lo i3jj 1'un o L^Lv jjo CjI nitnll 3 JLjJlC 

. 5jj1 o**t a j jf L*>Li- _ya i^j_L- L«u *4-_>. _M 4 flj j ni ^_1 1 n>»Vl jj!_J L__j I Lgjt 
.Uj j n JjoLc 4_al_-_»L ^ ... V 4jj ji Jl 4 jiji^ll 4-ijLLj ,,. U L>L_WJlj 

L>L>J1 JiLo __dj ^ L4IL0 ^Leukemia inhibitory factor (LIF) I jo j^jUI 
ijjS jj oi"i c__j_ jJ j_jLo__j jl L4J j^ <aj ^--Jl t4jj At A\ 4 j M17JI 4 j r m -^ill 

.( QV )-J^_>Cjlj---Jr,,rMnl l l 

■i-^jujJl L>L>Jij 4 jiji^ll 4_jjl__j-_JI L}L>JI j^j cjL^jI mi"! q cjJLLa jjl 

Lo^ _ jSJ . Ll__j! I n ^ i j 1 3jj7vtl Cj-_M__-V1 jja JuJLjJI dJLLA jl_T jlj *4jij->fl 
jj*_ 4__jljj ___! 5 l jiia C1jL_>LL>.VIj CjL^jI -ulU *___> jjo ^L_C jl _ jj__-LJI Jj_3J 
. Ij-v 5j_C_JU 4__-lj_o (___» ^ijj-Hll ^-joLlJI 4jUr 4_3j_-i3 __isj * j_Lj__J1 

Embryonic Germ Cell 1 ■ ■ ilriH j_Ut 4_J_Uf 

.Pluripotent 3jj-_J1 5j_sj *L_i_oL_- ^-jIjjJI i ^ ? aLj_i ^ __Ji«_ L>L>. ^j 
__*L_jjjJ1 jjo i tl_j ^-jJI t L_u^___i jL___>J1 L^Li- ^io f U___l ^-L- L^jjjl_3 

4_ljjjJI _ ^ j_jjj_SoVI jl 4j_>.jUJI 4jij L>J1 4-_jjjJI) ^jiji^ll "Ljjojjj-^JI _jM_JI 
I jJ i(j*jjJjJ_tV1 jl 4_Jj-ljJl 4 j i j i -s 11 4_i-JjjJI - ^jjJjj-JI jt ^U^ijJI 4 jiji>11 
(jr^J • (j - *-** J 1 ^ 4 jijja»j ^Lc JCj-j 4_uT Jl>» Cijg . » ■ L__> 


JNjj^I jj— « ^J-J-* 


4 jl^llj Embryonic stem cell 4 jiji ->J! o.cjl^J! 4_iL>J1 J£ jl_j 4 * .^11 
4_j__ ju>JI 4_iLkJI ___,l_; ^[j i Embryonal carcinoma cell 4 jni^ll 4_L>L__ j__J1 

(jLi* t^l_-jJ1 jJL>- (j-j1j-i_V1 J__5 (4_i_4JjVl 4 < «J^H) (j--L>Jl (jA J) I ni*i 4 J ij 1 1 

£j-__uVl 4jj JL_JJ ijj-uIjju^I JUlj 4_Lo (j" mi") 4 j Lj i 1 1 4_y9jjj_>Jl 4_iL>J ! 

4_ljo^3 j»_>J ! Lj5L_>JI jJ ua flj . « j 1 In J^ Ju 4 <^ fl -r a 4__>l (j-a LJLcj i(j-d-jJ1 

ijrjJL^Jl <___ primordial germ cells 4_JjVl 4_j_^jjj__>J1 LM_>J! j_- 4 jiji?J1 

4_j_>ajjj__»J1 L}L>Jlj . « q i\ j »j 4___jjj JUu Lo ^___ -e-j i ~i i ii (jr-Jl L>L_*Jl _-_>J 
j[ 4_>-jj ^! 4 ljl^ ^-Jbj t4 i n rtil >4 i n "n n a jrL->JI Lgj ■ la -j *=j L^Li- ___> 4 jjji^Tl 

» i U 4_iL>. 0 * jJuj Ij_> jiLi 1 1 (j_-L>JI L-ojlc 


Jy^JI rt^iHlH 4Mt#_l jftlf UM-Ut <,)*____( 

4jjojjj_>JI LjL>JI ____ Jju_->. ^j-o Jji jjb John D. Gearhart ojL*j_i-_ (jj_w 

£j j i ii VI j (j-_^L>JI ^-j j i ii VI (j-u La L_jL«__5 4jj_Aj 4_L>-! 4__5__x__! (j-« 4_Jj VI 
J____- j_-u L__- 1 4jMj J-ju v j_l_L_>J1 (__3 4-i_>L>- CjI 'i im mi a ___ lLLI_j t j__ijL_J1 
*jL__J 4_j_o JJj^>J 1 J 4_j__l1>JI 4 jr I *»JI L^L_>JL 4 fl j i LM__- __L_ __jL_^j->. 

-U-wVl 4 d j , „, r l »..^Vb e-aj-_*j L_« <jj_J L}L_>JI tf Juk (j_a j j i in ^^-^* 
ji jrim V "<11 4 m>Lj 4jjL>. cjIj o t " ■ c <____ _fjj__>_ Embryoid bodies 
4__Jjl LiL__- (j_« juju-LI L^j] J_JJ jl L}L_>J1 j_»j_I_i_ jujl-aJJ ^_j1 * "II 
tj^^ V" (^SJ 3jL__VI j__-__ jh".;" Progenitor or precursor cells 4Uj.„j 

3_o.V! 4 0 j j ,*„ f i „. r Vl c_-L5- JL___ IjJ / AA) L^L_WJI {y* 3JjJL->. ^IjjI 

^ j <1 > (_-__ m^j_x->u L-pl J->-J i'nn>'^ i4_jL_>L_- CjI "i j n 1 11 <t ^-JJ LbjjJLi 

5jj-e jlSjj U_4 ( _j*>L-JI 4 jiji^H 4_^ajl) j_>J1 cjL-LJ-JI _ya t m.m ^--Jl L>L>J1 

(____ *4_JjVl 4_j_i 1> j > j>J1 L>L_>J1 (j_« 4 n". Jjl 4 j iji>J1 4_j__4jjj_j>JI L)>L>J1 
4_o_lL>J1 2uxj-^>J1 lmjji ^JU . (jl JUJ . Ljj-_j 4 > 1 11 )Vl LjV_>> ^j 
c_L-_>. 0-0- Teratocarcinomas 4__ijLL j____ ^ljji J_l jl_-I _-_c SjjLa ^j.-J 
L>L_>J! __JjL) ___l__it_ ^--aj .4 j r LU1 4-_-jL_UI JUi - jJLJI jL__I1 <_-- 

^_4 (j-i-j 4j1j l_L_jJI (___ L^iSll i jUaj 1 m!1 ^LjjI ^j 1 yj ___JI 4jiji>JI 4 jr. J>J1 

. jL-JI (_-_ c jUo > __J1 _jIjl_-I ^jU" „r, V (^UI t 4_iJLJI 4^_u>J1 LjUkJI 

1 11 jlj 4__j_j__>JI 4_j_4 jj j__>J I L}L_>J( 4 nr\ m a (___ 5j-j_4 ijjuk ^jL- J j ^L-JLj 


6y_9_-U» LLL> ,j_> fc-^ij> LUL? 


jj-i ^j-a L}L>JL ^MjlJI l^aljV"i inl (jry^LJI <j-Uj L_$jl jl * L_j__ 
Jiuj JjJLpo CjI jl o * 1 I \j iirtA 1 < r> j I j m t" L_i_i i jL__j___JI j^Io j-4 u_Bj->- 

■( 0A - 2i__.ljjJ| -uL*__ juu 4j3^L>- j t_jL_L_tj_i_j jj^U j^ __jj_>Jl jjj 4_*-__j_M 


t-JI L_L_J_ jjU_u 4lvVl 4^ J>.lj 4xLl>Ji 4-u»jjj^JI L>L>JI 

Jj____>Jl jljJU L}L>Jl £jjj 4j__»L>- j^j Jjal^__ 4_.l 1,^1 jl JUj i4 inin Wo L^L>- 
CajsJ j-c ^.jJI L>L>JI }L-_*_} . L_>j_lC jjj j_« I (jj tr Jjj____*J1 __c.L-_j 1 jlr 
1 lv_C_bj .4jiir>ttl L>L>JIj 4^tX L>L- r,t-r i Retinoic acid _d_uj_i_jjl 

L£ «4 jiji-wtl 4j_c._L>JI 4_iL>Jl 4j1 ___j ^--Aj i,Jj_>_ f l L}L>JI ^ljjl J-j-^jw j_~ 
j-jJu j jJ jja ^Utlj ^ mi _ n t<"ij*f*iinll ^_3 CjI j i i h! JJ__j j! j^j U" < n~t Lg^-Lo ^LI jl 

L$jl ^ « M"i>~ 4 jm1>1I 4 jf ,'v ^JI 4_JL>JI <j__i . L$j _>-*L>JI (_-jlj_x__JI ^LLJI <y- 
}L_- io* V* * j_- U^JMi- ^Jcuu ijyjLc __]! c/m.mII L_>jL_j J___j jl_ 

jj i4 jal ..."mI 4i.» Jiil I_4jL_ 4 jiji^ll 4_^jjj__*JI 4_iL>JI Lal iL>L_*Jl jjo LjjL> 

J A ^ AA ))J___ja L^li. >Lo- A^l _• 

L}_-_- £jj ^-JJ 4 jiji>ll 4_j_«jj j^>JI 4_JJ-JI Jjj 1 1 LiJJjj '^^L-JI <__J_ _ 
fr Lcj 4 jl kjl j>,l VI in" -_4__r . 4_>-*>___ jt *»JU_-_>_Ij 4_2- }____] JjJ _£__JI -r j mitl 
( j__lj_ja'_ , l L_^j_____>. tt_4 ^j-oj-jo ^lVL-J (j__J^-js ^-ia L^JLi-jl jljj __jLu_>J M_3_j 
4__UjJ-> _JL_$_) >L ___d_>JI (^LHll (j^a L -jy*- , l Jj-IjII ^ ljL_w Ij-L-a j^I-J j£\ 

Preimplantation ^jJI u^L>JI £jj J^__» ^ljjJI u r>j V r» '.tl O o ,„" 
j_4 /\ 4__l3j_UI ^ya 5j-_>.Ij 4 jl^. <Sj ^ *genetic diagnosis- PGD 

4__ulj5jM (j-olj^o*. 1 ! _yi t H jn> n"tj ( I JL->. jiLU jrtJ_>JI j-« i^jj-^l 

4JL- (__-j . ^jj^j^l (j_a JL_wt (__)- j ^Laj pJj 4-l-ij 111, V - jl 3j^>.j-o UJ--* -Ld ^-oJI 
qjz 4 4 j 1 1 11 1 1 4 V 1 nilL J-L-eJ 4 jjji-wTI 4j a jjj_>JI 4 jL>JI ji—i * La (j__j-- J 
t(j_JL>JI L^L>. (j-A 3___>.lj -r j 1^*1 l_3j-__jJ t j^_L>JI Ji-I J 4_jJj>JI J3--U3 ( j^->JI 
4jL-jl JtljJ.1 U*^***-!' (jj* 4 ojl 1 ntl 4 V 1 n <tt j 1I1 nj 4 4 0 innit, 

.L>UJI 


tjr^MT-jljJI 


i^UJLu^JI 4 j *jjj-_*J1 4 jl^TI ^ V VI i ..') L-___>1 : JUJ_>. *1j_ jLjJUJ ___ _ 

♦ 4*ij t\ i ii jjJieJjj 4j*L__J 4 1 (Jj-il I"m < h -J-C a cljJ jL__-V 
_)jo 4-l>.}__. J_iljj_ _____ _____ _>_jJ : _)LJoj___JI j __jIjjJI j-ojJI 4___lj_ ____ _ 

4 j inLi- pfl <i1 4 j"i t j JL>IjJ_ lJLlA _j_J «4_a_jJ-»JI 4_j_4jjj__*J1 4_JL>JL L___j_*-_ 

Genetic _-jIjjJI _)_uj_>J1 ji j-cjJL _ 0 l< -»JI _;j______U ___c _ u-_j-__ 4 o ^ _ 

eujjjll _th?-' u" ^ ".'t ^j-^-l |C-J_-j L&> ^j-jj-j 4 jU r __->j ilmprints 

tjl Lolj «__i I 4 V i n i Jn t~i _)l LoL__ t(j_.j_3tjj i"i o ua jT J J "< J U £(_;j-_fcj ,jjjjVl 
£-J_JL _---J i j_- jji I j__ 4J _jj tj 1 ij 0 * J "kjj Lijj jajj . 4 V 1 11*1 J f> t" 
. LAj_j_Cj j a i T 1 4 jl 4 _. _>C Jjj 111U I $ 1 4 (OLjjjJ I _>>o JJuJI 4JL_3 4_cj 0 
4_j_4jjj_>Jl 4_lL>JI »1 1" 1 1 nL L^L>JI J£ _-_ 3_j_>-j_c 4___oL__JI — jILi >JI _• J__j 

jjjj JJ_l_"jJI J1_0 t_)^t Jl _)L__ IjJ . £_jOjJI I j__ L_£-_fl _-t lj (Sl (4_jJ_J_L>J1 

^LsJI 0 .mj , (l j_-_l-,La _, n nii 1 a ___ ^i^ J1 4JL>j__j Niels Geijscn Cj tn y^y 
_j^j ^jlc, jru _)ji_jjj Surani, M.A. ___1 j^__j »4_i_Ljj_oVl 3 >>"ijl __LV^JL 

_)-o ^ljj-l _) r> t j - . j__>^___II JrUJ t4_tJjJ_*Jl 4_yojjj_>JI L^L>JI ____ _jjljj 

_«_ j__ L__j_>-j _)l -^__»ljJ1 _po _-jJI - j-ojJI 4_lx_>L>. L_L5L>. jl__J _)L_>j__JI 
L>UJ1 O^-Jj _ A_J_>JI f L_____j1 __ljlnr pjhT.t J-JJ jl JLp-LI 4_>_L*Jl LMJ-JI 
,j\ jJjj JjoLjj 5^-ilj L»J_ L^joI r _-jl _-Jj ^-^i. ---- uj- 4 ' j-ojJI JL__U 4_uLL_j__JI 
4_j_o jjj_>J I Lj*L>JI l_^j j j o _j ^yJJl t jjojjl j_Lo 4 j\ o tt _j t j iUH jl iuU ^-_J 
jnt j __£5 __jIjjJI j__jJI 1 | j _ l___jJu ^y-JI 4 j n j^Tl 4___lj J ^Jj _yaj t4_jJjJ_*Jl 

^ojJI 4_j___>L_- l_jLj__ L__j I V j <ij :4_*__j_JI 3jL__J 4 jU r 4___lj- ___ _ 
L4J jL_J ___JI 4 j ii j<H 4___lj_ ___ 4 jiji^JI 4_^j3j_>JI 4_l1>JI ___ ^IjjJI 

jl-c ^l i",„VI _jLU_ ___ _ijj_>_ ___JI Reprogramming j_JI 4jL«_c 

__jJI tLgjlj- Jya 4__-j__js 4_iJ_jjj j^jj*j j , ii __JI 4__1L 4j J i u y 4_J_- 3ljj JJL 
I ii n"> <_;! t J_jJ__jII _y0 Jlj_V t II f-V1j l_jV| CjI ij 1 n _j _jt I g j J_i_1_s_j 
Jj->o __1_Ll_*JJ 4___j_9_JLI CjLoJ^jJI j__jO jl i . i U i'?! 4 jl or J 5__i_j_>JI l__o--_JI 
jjl oT) L^l-u^-ij __IjVl 4 jiji-^TI L )_-1jJLI __J1 J j_-j i4_JiL J-oju _LjLL_>J1 

___wjJj_j_JI Gorge Daley __J1_ -yj-j>- j^J-JjlJI Jj-Sj Lo-S^j ._>_-_______) j 

■_,"r iTI < i y J _ Lo Iiiiii l_ILL_) (jl tJijL-j-A 4__4__a_J l_J_JI 4_t__* ___ ^j____>JLl 


L»U3 qo" 4 I flb» 


L$jjJ __lll , t . ,i->J( 3jl_l>.jJI t 5j i 4_^j3j_j>JI L}L>JI J----J - 4j_- 
l_j1jJl___JI -o_\ > "i o 4 j IV < 4_f_LoVl __^JJL_j*u Jbl n " OM ____- 3jJ___JI 

_jju>J ___J1 4__L_gJ1 olj.j ___! *l_5t __Ja IjljI juL_j J\ jj_ _>- t Pluripotent 

jj 4_l J-(jjj .4 m.^jUI ^y-L-JI 4_L>.j *L_j! i_j__>Jl L}L>- £ya 4 jl^ J_J 
4__i__-. ^LL] I i *\ o *i I il_jL__-l_>JI -*_JL__ jjJs _>-0 £_ojJI _-J-Jl < nj ^ \ i o lr 
(jrUJ>JI Jj-__ __JJ 4-_>-L>JI (jjj _H»J i j-__JJ 4_!j ^ i n (___ 4 jiji^ 4 j r Jl->. 

• 3>LUyi ^ ^jL>JI £L-__-_VI 

i4 V i.iMinll L*jL>Jl __i3 l_j_i___j ^ jJi ^IjjJI r,n inll I Ju_- <jt jJ-u JLoIajj 
*-J J~»- LoS" t4V niTniiU CjLjI j_lj>J! (____ jj,*V miTI jja JjJjJI jj^In (_-_ i i 1 1 n jjSo 

. Ij-Lua ___jLo _-_I1 _-lJj_ *JJ. miH 4j5cjuJI 

4 jl^sll (j-a 5jJ____ll Jul j _JI ^oJbl _)_* 3jL__-lj u *i i *i j :^__i — _JI £*M c _ 

Jjj>. (j^l _jt1_L>.LjJI _>_-> j j*< ^ Jgl <n*ij . ^ n ,11 £^L__ ____ i4_j_j__»JI 4_j__jjj_>JI 

. J_oj_U __J9 4___jjjj ^£ j-Lo _jl j_->- _-JJ 4jijj^Tl 4_uojjj_>J1 4_J_>JI Jjjjkj j-LoJ 

^L_____l 4_i 4_4_l3j_,Vl Lulnl...M 4___U_j Hans Scholer jJj_L- jJU j_Ci 

4 jl n r _jl J_lj ijL-J 4 j ij i-*Jl 4_^j_>Jl LjL>JI _yo 4____jj_jJ1 ____ J_____j jl 

(<m^ K. Eggan _jL-»_I jry^ jiCJa _____ I jJ . j-*__ ^J j n j -_j L^jI m --I 
__Jj__>J 4___ _;jJI r,j Pi M,U _JJ 3jj_jJI ___ jjL_jLa Lt al _a_j Kitai Kim 
___J1 ( Embryoid bodics 4-_>.Vl <^j_i ,.,^1 __JI 4_JjVl 4^__-L>Jl Lj>UJI 

4 ^ jj i(i i ^L_u 3j_l__ 4JLLL1 L-aL__j *Lj>L>JI ^l j_I ^iov L^L>-lj tij->-i 

4 j 1 uLLo jxu J_alj-_ 4__)L___I j_^s (^__L>Lufl V ^yjl T ^jj. BjJL r > 1 i*i 1 n U 4__wVl 
___ L^Jj-C _>--4J 4jjf_"_ 4j , ,1 )y LjL- __JJ 4jiji-vJl 4_^jjj_>J1 L^L>JI JjjrtaJ 
1 0 jj -w 4jf J_u ) Jjj _jjj _y<a (jSiJ 4jjLq (_jL_Ij_x>- _-L )linv Jj__JLj ■ j j "i ^ U 
4_lL>. i"i>*i')j I n^j-> J-J __jIjjJ1 _^j__-e_JJ ^lj-j-al Cj J-_- t4___jjaJI 4j C_j i^f- 

l^njl 1 11 (j_->. (_J 1 t4 n jl 1 11 4 1 1 rt V a 
LjL>Jl ___ !__>. lj_-Luo __JL__j U L___j_-_u J-Ujj :4_i___>JI ^-jjjjJI <■ 1 *L>."i - 
l_j1_1_-V1 4j3jjL-« (j-4 I i i< n *i . .i 4 jiji^Tl 4-ijjjj_>JI L>L>J1 4-__IjJL_ t 4j,,.i^1l 
i. , a'u i nj^ 4J_jJt-4 ^oj _>«J ij '7JI _-^L_Jl _)_>_ i _ y Jj_ f l CjLc.1-l.uJI ___< SjuljJI 
j-jL-C ujl j lm\ 4_£ij t <i j t<_j__l_hJ1 luj j t T I j j fl U __J1 (_^JjJ -L>ul ___ 4 j1-*nTI 
. Juu La ___. jj__J1 __3 j (jln" ___JI _ L__u? _ 4jj___>J1 


JL9 LJj-i 5j jfl m.U 4jc t i 1 1 ^l . ii i" i -1 *ljj j-a 4_ti-j-flj>Jl SjLjLoJl JjJ 

l^njjJaj Anna Katerina Lj j^3L_ Ll 4__>,L-JI -jj-Ja 1j_L__ . I^">j _L> 

4 t aLtj (jrt_^ 1 j-__>J I j «,1 t UV1 4 j K i (—aL—JIj 4jIjjJI p i ,, i _,"< i*I 
— Jj_a jl Jljlj VI j— — __JJjj j I 1 1 V j-w ^ 1 t" 0 i t_J jjjj j i ) I j > a jj j.£ 
^-Aj 4jm'i>|I 4 jr j ->J| L}L>JL ^rL^JI 4_y3jjVl 4 .,. j<Tl 4_L>- j-*j 

jl t , i , u ^JL 4 jl^ ^ Ir I j_c «'•i'*- ij Lgjl Jljj 3juJl_>. ^-JJjj Jljju V Lub 
4_ijjJoj . 4 j * j i y 1 1 4 j c _JL->J1 j_c iS> m 4_jj ^-"11 _»JL_ <____) Lj__l_L_> L ! 
j_-j 4 i tn-r a ^>-f_ 4__jjj £j— _ 1 4 ^jj_a__a t___jL (_Ltj_. (j-J-_ J j i^-kJ I 
^j (^>ll jl jJ_>Jl Lj^ V f? 4_iJL ' " > 4— ii->- (j^a 3l j_I_s j ilj Lgjljj 

Jlj La 4 ir>jj_jJI ^j>Lj"(j mi (jl L4JJ .(jiajj— « jl ^ jl i n jlj j-k. ^j_A .}__-» 
tjgjj Tn"i 1 1 j_jj LjJ I J-4 1 j___. _ I j l_*—a _ J—-J j I 4 j <j j_— (Jpo I j-c J <\ «rj 
1 4_*z-aLju ( . i j y~ , nj l__j ■ 4 jc— 11 4jlJL_jJ| 4_) , t m ^ f I dljjjl jL_ i 4j_ 
(jrni "■ mj 4 ~t y aju ji t" _ tljL_>» Sj < 1 1, 1 4Jj -tUII t_* < t i J-^IjulJ jj_*__l 
JJL_i_j J-ji_ JLi-a l_-jL_> (_t-JI L^j JL__5j j-4 4_» 4_I^iL_CJl 4 j mI^U <_jl i j -hM 
(", i m jl I U ^ Mitl jjJctJI 4_J_*JI j_l-__j tj_5t-u-JLS' 4 jl <i r (^J t4_i Jloj__j 

4 <i i ^ i js ^^__C J j * Lft-i-X ^ J ' -Z ' _- -I _ ',** ■ * ' 1 J i 4 1 1 1 " ^ fl>j LJLX_> ■ U ^ 

4 J m '< > j j m' _ ^ $ I» 1 jJfe lj-_fej _ Jj i Cj I j , \ n II 5j___lj J__i <4ft < " , i ,i j \ j 

Jj-t__>JI ^iUnni tTotipotent LJL_»j 1 J> oljj_UI 4JLal_ 4_o_ 

J-J >LaL_ I jj (-K L-JLjj_ V Li-A Lj_oL£ Ll j I JLjj . J-al_ cjrt_L>. ^J— L^— a 
3j_dlj i V«> n *^ O-iL-t (jlj i I JLjJL_>_ 4 j i j i 4_a_c J— >-J t4 j r JL->- L-b Juj_ 

La j-jj_j L_-b — _ i Pluripotent c_lj j — 5JI 
t.m.M (ji jljV L-jI jljj tTherapeutic cloning ^^L-JI ,i,r, ,„VL 
4 o _j_3tjl VjJ L^L*jI eSj_>- (j-j ^aJ Ljj-LJ LL_ <4_L_I (_!! Jj>JI 
v j ^ " j 1 j Juj tfli Rudolph Jaenisch u < i.. j*iL>. u_Jj_jj L^» ^Ls ajLaJJ 

^SLjj_aVl Ljj>jJji<"H u „-|j M.j-jjL-La JL^ a j-jLUI 4 j .Tnll _jL™j>LJ 

.( A JSLUI jJkil) 

.Somatic nuclear transter embryonic stem cell (NT ES cell) (*) 



4 j ~1j_ J_i_- 4-3j^Lau 4__C j->_M 4 j l^tl _-lc Jj) irt^TI ~__JjJa :(A) JS___( 

<_ij___4 4 __ *j * __JI ^ » - * - 


.(U _>^j-- 4_j jLa) j-_LL> (>_>! 5!) *i j-- - ^ 

.<j_ajj_U jLaJl ^j^o (4 < r> 1 r>V~< o) 4jJL 4j, V 1 n-y. L}L>. _ T 


.SljJl 4j_j _,| juj 4__ijjJ! ^jM _ o 

.Sl^JI 4i_jjJ^ 4-__jjJ! ^jMj^Il^ ^_3 4jJU^>Jl 4-JiJI Sljj JUjl _ 1 
. LMi* J-Jjl j OinSn j _____£ 4Lj___»JI dULkJl 3ljj _ V 

. -^jll jl L>U ^U. e-JJ ^ L___.V! J^l^j 4j 1,,,-kTI 4JJJI 3ljj _ A 
.(Ll-U^JI 4^j_>Jl 4J_JI ___p. ) SUajj.l a...xn 
UuUa* Ulj_L_ l-___-J _-!uVl ^j^i 4^jjVl _... Xt l _U_ Ul _ W 

.n l^l. j-kjj uiji^p^ii jL_u uu: 

.(4jL_>V1 J__>_ cJlj U _;!) i_il__I! jL_J 4_LLL_a 2u__u- 4_£.j__ L>M__ _ > ^ 
.4 /m^I I 4-ulj-^J) jL-JI L}L- ^ ^Jjj j_>j-_J j_^u_L1 _ry>J! _ \Y 

,^-jIjj c_____ j^J I4J U Jj_Z J_5j 4uuy *L±C±>> L}1_- - ^Y 

IjLe ____*_J chimeras 4_uljjJ! 4__j_«_>J1 4UcLj 4jjj_ ^ jJjj UJ _ U 

. ) 0 ji L_uLL__ I n ■! ■ '■ 
J— (jJj j^U-JI _-J! <^*4^ j^j 4JJL-JLI 4-J^I a^_.j_>J1 L>L>J! _ ) 0 

■ a,n.r»^-JLl L^UJI^ 
jryu 4___>L>Jlj 4 0 J-J l 4 inm L>L>JI <j-_L_- J__j _ ^ 1 

. 4jjwjL_. LjAifc-* |_JLk___j 
4-_jj__j ^^n.nU -JjJjj (jl (A) J___J! ^tojj U_T 4__1 ,„ m £j___jllj 

^ jJI L>U ^IjjI __J ^ .Lymphocyte 4_JL 2L_1 4_Ji. sljj |jj_U ^^i^J! 
L}U>J! 4__Jjj J^uu U-^^ljjJI L6_4-_LL aUJu j j 0 n ^j **L___j_JI 

,5ljJ1 4__jj_L- 4_J_jj_JI ^_3 SljJI *ju_ Ijiiol ^j . 3 A.... H 4-a£. j_>Jl 
* m , XI I) 4_JI ^Ju_! ,r. <T.1 Ujj--3 tj-wflL>J! ^jJ! _rU>JI Ij-^mj 

4 ( 0i ) 4_l_jJ-kJ1 4j£,jL>JI L>L>JI «Sj-k 4JL-|jJ| 4jjL>JI 4J__J! (^JJ-I 

Nuclear transfer^jj_JI J_JL 4 jiji^H a y , — . y | 5 JiJ L . Aj. ■ » U» ji 
J^->JI 3j_^ j_>.i (jjl ^LnJ! 4J__o1j___3 iembryonic stem cell (NT ES) 
j! jl * -^L-L_ ^juc O-J . mm , „ VU -ir^ L__ j| jUsLiT U-Lw ^U. J 

j--___V L_ 1 jj ^ ^ j>A-_vi ^ ^ 1 j^jj jj^ ^ , „ V, , „n 

jjj _>x 4i rM . rr . nL I d.uajj.l 4___i£JI jjL _^ Aacj^Jl LjLiJl _-L_ J j , , M 

^J-^ ct^-I CjUj___JIj ujlj^iiJL J_Uj| ^L- Mn.yi jlj__-c 4l__|jjl 


Argilo LU-> qlo «ijr 


• 4-<->.j jt 4 S a Uj- tj-° Wt^! J- 1 -^ 4_L>.j_a J£ j-iSj ^jj J£ (^Ll-U jrj_L>Jl 
l_jL ^yjt tM^TjjiJI JJ-llL 4j r li >JI 4_lL>JI (jjS- *_* 1 jU, : jL_j MjL-u JjJj 
jjU i nTl (j-u <-— *L>- J_S (jj_ j 4jL>-VI JjJj )S4 o jl m j j r j I > rn I 4_fcj _-~ *_-Jjt 
^L— I ^-jj Julj Ljjj ^jLtt—ilj—u ^ n ^TI JL >J Ij j j t "Tl 4 j u. _ (j I (_— ->J *4__jL_JI 

____ _jj__>_ ^pJI *LL=_>.Vl (jl__ j^Jk! ; t <uj .4JLjj__TI < j'*»JI __-iL_J1 4i>.j 

j-a _jjjjj IjJjlj Ll_jI (jSJ t Lj j r j _jL_j <"") _jJ_>u iliii^ <"i i ii jf _jLu_»JI 
jj^_U L>L_*JI o> -_j <^>"i <_,-->- »Jj-->J 4_>. j_a (j_*j (Jo-^-l (jJ! ^- v " 
^Lj j-cj j-$--3 iLojj <___.! — __j ^ljJ _"jJl Jj_*1 ___»JI __!___. 3j_bl — _» (*LVl 
*-olj__ tjj- _H* — ~ j__/ ^j____>-}LJ »1 jllj t_ j! a= " tVI ^Lj (jl _J ijjj_>- 

L^j (jj-Li |cl_ L__ L>L>J1 Lal . c __iJj_ c-iLaj _->L_ j____> Ij_L_j 

£j_ulj <?Ju JUaj i 4_j__j__ i U 1 1 ^oj l_Jjjj (j_* t J_u C jIj j t "iTI 

___ ^j^wS/l 4 jJj!>JI L}L_>J1 jj-stJ _>-- 1,1 j *j 4 j U_>J1 4 jr j >J1 L>L_*J1 
L$— « J_j t J o tj (jl JjjJ LflLa Jf> i_jLlj_>. L^j ~"J*J Laj i4— L<ajj_M 4___j_J1 
(jl_T (jj 1 g j*tj "_J i(j;j_-l _jLLl_>- (j_o 4_-iLo I ^__ L La ^__i -»j-j! _jJ_*j j I JLJjj 
Vj jnt iTl l^ i>> t ) Jt miJ CjI M-^lLa « I j ina jl 1 J j<i <t 1 1 i>>jj^o j| 1 0 jl 1 n IjjI 
Cj_JL>-I ^cj .(ji- J^JS (J->- (_-__ ^-Jlj Loj ___>. j-4_- i ___> ^-Lc (_-__J L_a-_ i^-JLlj 
(j__>j__a -r j-r i_n"t _rLrtJ C_>Jj__J (JJjjjJl J__1L 2L___j__>Jl 4 j r _JL>JI L^L >J1 -»_— > 
4 3 j i <" i ^L__j>.Vl u Ut" j 4_a_- 3j_L__a J^Ijjli ^JLljj (^-^aJ- 

o? M -i_ 

4j*-jj jjUiJI 4_-__L jf 4_Jji 4__l^j_v. LM__ ___j iEmbryoid bodies 4_o-Vl 
_--JI Hematopoitic stem cells ^jdJ 4jj_--i 4 if,U L>L_>. ^JI _JJj j__j 

_ J__->Vl (__£» 4_La Cj^L>. jj; jJl _ 4______i (j__jjJ.I ^-Jl L^j SjjjJIj I ^ Ij o -kj J^ mj 

Autologus stem cell 4j_c.j_>J1 4 jl^TL ^l jJI ^>L_JI j! ^l j £>L_ L>U_C 
J< mi Tl (j-o ^ i SjU^Tl (___ Lo-^_ j $ -^l Laf .j-^-L 1 j__t i^^therapy 

_rA_I>. ^LjjJ < . t )y **i I l__Jjjj 1 <j aj 5— 1 ■ nl 4_j__Oj 4 i_u__J a 4JjL___a _ jjjL—JI 
__!>- j! (^-JJj- J-a CJJL>. L_i «4_Ll_1 <w a j^_. 4_jj1jJ 4_.j <>a (_jj ^him mfl 
4__ j__4->J I 1 j (j^___>JI (_— 4-— — J 4 j f n" V V" i u\ J___ . j_vT i (i m i ii a (j^-^ 

^Tetraploid embryo complementation assay 4 fl o ill 4 j r LjJI 4-jjIjjJI 

CJfL- m;I iChimeraS __J_^ 4 V a 4____jjj 4_^j_>J1 4 jl-^Tl ^MjI (__Aj 
4jj1jjJI 4___ j^_>J1 (j_-;Lj 1 ij *ty , inj^. __<-— — mj-$- t3jL>-1j 4-l_jjj _>-« j_j__"l j_o 


djL__i__Jl ji JjL___JL l__j_jlj *L_iJI ja <Jsa-$1\ j t ^°^ Tetraploid embryo 

__3>L_^VLj l-Sj^j La jl 5 nl"V « 4_u1jj 4___ij (3_>.j <HomOgenOUS ^IjjJI 

cj! m> 4^__>J1 4jl^TI l_jL_l>. V ___>. *Heterogenous ^-jljjJI 

_jL_,j mi "iTl jj #U <j*J 4jjLi_3 CjI m ^ __JI ^ Jj_J Loa i L-Lcj -_$J -l__jLL__c 

^LLaJI Ijla jl Lq_? .>L».T j( }_>.___ ^J_>Jl SLp- (__4__ __j___ ^pJI 4_u1jjJI 
L}UJ1 ^j iTrophoblast 4jj_UI 4Lajj_M L^L*j u_-i>J1 -uj ^-_I1 ^-jIjjJI 

<j_« ___*$ **| _L_JL (jy^\ JU- <_--Jl 4_y5jjVl 4 , m j<IT 4_i>.jL>Jl jUH 4_j__U 
(___«L__JI ^j-o I Jl_>. 5j^ j U 4Jj»»j_U o j__b ___<_ jnm V jjj j-j! o jj L*>l — > (Jjl ^cj 

I u_-L»JI jl-u ^olU ^IjjJI ^LLJI I j__ _jt Lx£ t4 ^ jM.U U « " T 0 m^II 
LM_>JI o! *primitive endoderm lineages ^Ijl-JI ^jjjju-I L}L__j 

Jj_>- (_5 jJI i4 Mf ( m niTl j_4> 1 IlAj it j_-_>JI _ya *lj_»>-1 *»___ u lit*i (jJ 4 jf \-*\\ 
,__1jJL_JI 3j_3lj 4 _->ljJL_J1 4_Ll£ j_l_1 4_t_.j_>Jl 4_lL>J| 

^_J| L_gJj_sfcj _jl J_jlj 3jl>.1j 4_jjL_U 4_Ji- _jjo (j-ajj-U £-5Lc. ^jU" 1 11 1 1 Jljj 
___j_*J1 jj- (j^a ^^L-JL <"i1 0 Jl_j 4_J1 jLajj JjLjlj ^cj t4 j ij \y 4_^_L». L*>L>. 

.^LUI J___UI <j* 

_J _rW >LJI _____ ______ t l_ul 4 1 j t - <,"^'j V LjL^Jl j j <jL_ IjL-Lkj 

_,1f j jjlj j i(j-jL_Jl J-l_j 4j_j_jj 4_l»j__ jj-i-i _>* 1 (jj4 La 1j n u_--J _--J 1 jl ~r n 
^j-a 4_jJI j j>- 1 "( sej Lcj ^JbJL4_ fj\ ^jLaj__>. (j_i__j t4_a- mTlj j j -*JL 4jj_J-_JI 
___a_ul La (_-__! ^Juj L__j__uj .(Ji-jl J-L jj_i (j-o (Jw*-J1j <S>i T1 4___o1jI JLo 
. I Jl>. L_4jj_3 t(_ <jjJ3 tfj__»L_J 1-LC (jlj (jL-JI I m>"i ___j___ 1j_L_ t , t ^ -w J jLa (j_4 
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a .n^n i^cj^ji LMitJj Ljjij? ^ j ui 

^j^a LJ JuV ^jlji ijjL^JiJ Vj JaJLa ^iniii m jl jLaJ 
jj* 4 n iU^ inU (jJS 4-Lj t a L*>L_>. J-^J 

Feeder 4j j i Hl jusIjj 4 n .U ,„" L}L>J1 
0 n ,Mj L^-^Ai 5 mL> L!>L>. .cells layer 

jl n\ 1 4 j t ,n"U 4 jiji?Jl i-im,Mjj^ ijnll L}Lx 

Irradiated Mouse Embryonic Fibroblast Cells 
^jJI 1 j * j<fri ^iin J*Lc jl j^L ^j_2j (MEFs) 
Jt T-.j jaj Leukemia Inhibitory factor (LIF) ji 

(jl jjjj p , ii n m 4 jiji^TI 4 j r ,*v jJI L_»}L>JI 

. jnm VT jl jjLmj 

3iri >JI L^UJI ^Jl^J LjjI IjLJa llUjJ 
LiL». ^JI j r< t, I jjL*jjj i ii ii m <ji 4j iji^ll 

JUdljj 4 7i iU JLt-U (jl VJ 1 j rlr LiJ9 1 4 i r\ m>' 4 

J-jJaJ r*J t^yjl*» ttl tU injJI J-i-lj 4-jJ t jJI „ 

^jL-a i-,jM ,,, a ^ 4 jiji^JI ^j^jL^JI L^L>JI 


L^L>J1 a jla jj t , v ir j t 4_Tj_>J1 _j_>. 4 n jlU (jj-"* ^yi^Suspension culture 

i^jy ^j-*. 1 gj j * (___-. La J£ ^j-itj l__)j-__u i4jj__*JL 4_jjj_L>J! 4j_c oi^JI 

*ljr-- J-J ij* - 4_jj>JI 3j_4J 4__4_i . 4minVi< L}L>. jj_L>. j-i_u <_-J----J 

. L^j oj-I-4 ^--lll j^jiJI 1 ^ »^ >L> 3j__uj L^j ^-ill - L}L>J! ^ 

Lo £j-5*JJ LjM_i- ^oAl (_-J_-4u >.j *LIF L$j ^UI 4-_ajL__JI 4__j_J1 ^ 

JJ-J t 4 m ___ V j L^L». -lj l--j (___Sj____* _-jJlj * jjj-Tj jij-i-ul _ya L^jIjj _>!__, 
.4jjU!l __)L_l____bVI jjj-J <_p3 cr^ 3 ^Jj^ --->• JUu ^jJl j^ 


j__j__t 4 jj j f^TI 4 ir,'< >J1 LiL>JI ______ - j-j-____>JI ____ _ m -sM , i tJ ^ 

> U n ij olli 4____>L>. lL»1 t)" i ul (jLJol lt- 1 f\XJ^3 L o^* } ^ 6 V ^jjl^m 

__UjJ .jji fl JJ _)l jj-i _y0 i_______3 ^-1 iii il lVL L^J ~r<j inj Lq-4 i^L- ^T-l a r- 

.Fetal calf serum J^JI Cjy^- Jj__^j LIF 4_el_^__ 

<U_**Vl 4 ^ j j mi i .i >VL) l_3j-aj Lo 0 U«"i L5L>JI -*JlA ■ ■■' -&j - 

L>L>JI jiu (jjj-L dJJjj t 4__L___J1 4 jiji-w j»l m.^I j! iEmbryoid bodies 

4n,IU L!vL>J1 *___-> - r j mi <_----- *Jj-oV j-j-C U ,,, J____«j (__-__ ^<Hjjj3j 

. j--_jj 4Jj^__u (____ jjL*JJ t-t-JjLij n t t\[\ 4_^j_>J| 
£jj_ij tjni i _>__ 1 ^ i t > jj— _jj 4jj____1I 4__>» VI 4 flj j ■"■ ^-1 i u y VI JLi-Jj - 

j-c_ J-alj-c _4_J1 -__»L-_u fu Monolayer culture 4 n .UTI ju_-j c_-_D i,^^ 
. L^LJkJI jjLoj 3jl_c> ■■■ a ____£. Jg t"> Lajjju (__-JIj i 4___j_j-_dGrowth factors 

^j_>J t 4_L>.Vl 4 ^ j ■ mi f\ Mi -wVl ^yi 1 j j "i ^ (jl 4__J1 5jLl_V-J JJJL_>- j-A Luj^ 
_____ .(OA , IV) l__J__J1 -j^ mr L^Li-j 4j,urt«TI L>L>J1 «Ll___j L>L>. L^^ 
LMiJI 4_u>jj 4jUr (^.i- Lj____uj IjjJ (_$-5jJ tjjUii 3j-a->J1 jljll jt J^lj_J| 

. L^L>J1 £_yA 4 minV"fl ^ljj! «-LL___V 4 jjj T->J1 ^JCj^jj 

__J1 4_^_jl>JI L5L>Ji jjLojj j-*ll 3j-___*_-i J-aI j_c lJLLa _ji 1 i o I r l]_La 

L_jL_-jjjJ1 j_4 _ 4jjL_J1 J1j__-_'1 (___» _ iU aiS 1 mim (j-J-lj t4 mi^^M L^J_ 
_ j i t n 4 ^jjjjjjlj ^-jjJj^j- 4 ^ ^jjJ5_-_-j! (J--&J i4 jiji^T 1 4-lajjj_>J1 l_j^_j( 
3jj J-->» (j^j i r> 4 4 j <y A\ CjI J jjl o "Tlj j o i I! 3j_____-e__* jlj-A -*L_-i1 _____ T ^jjj 

: ^>^L 


j^__ ^jj^ 


VlininVio bU^^Jj j-j UlL) 'ki\ m :> 1 1 d^laJ 1 bllaJI *±?3? 


"4 n <UTI y-* J-«_Vl ^ I iu n ^UI U>L_^I_U*Ujj j-4-U 5 j 4 J^l>-c • 

. 1 _j__4tu_l Cjln"iMio JL>I j--jRetinoic acid lLLjj; m^jJI j^p» _^ 
Epidermal growth factor ^jaJ^I JjCJ J-a-C -Y 
Bone Morphogenic protein 4 ( BMP4 ) ( _U_j_I1 jj<_J jJ_L>JI t u*_jjJ1 - V 
Basic Rbroblast growth factor (bFGF) _;j-_L_J1 ^-^^Lj^^l j*_ j>L_ _ i 

U£J_»t)1 3 n iVi _y» J__>¥l ^pjB I __Ju ^all UMit?t j^Ujj >4-J 5j n-i 4 J*l j_c • 

t^J-jjall jl <_-!__-- jJl 

Activin -A t jrt^l _ ) 
Transforming growth factor - betal (TGF-B 1) > l__u _ Jj>i1 ja_J1 J*Lc _ Y 

0_JL>J 1 4 n iU J__>Yl ^ L____3 ^l UM-VI jjLU 5j * >, 4 J4l>_c« 

i^>i-Vi -.._j-_wti 2Uoj j-» ijlSj ij» >j-j_ijVi ji 4Uii-iaii 

Hepatocyte growth factor ( HGF ) _$ju_-J1 j-UJI JaLc J\ 
Nerve growth factor ( NGF) ur «*l\ j*JJ1 J*Lc . Y 
__JJ - 3 jl> ^-ic J_* - jjLC-U 3j__>JU 4_i_U-Jt J-«l jaJI , jla _y» jl>-!j 2L__4_>1 jl_c 
LiLiJI ^ c_*L>. Ujjjl. ^lj 4Jb.Vl 4 g ■ , ^ _____>_"! cy> 3 ^rM L>L>JI 

Lcjj ^ ^ _-Jl L>L_*JI o_L__ jjL^J _-j_j *3j__iL 4y TmTI C-jL? t4 jni-^ll 4j___L>J! 
.__)}L_J1 4_^JJj->Ji 0L___L_J! -^l 411^» ^ ^_JI ,4n,nV.ll L}UJI 

Human Zjj f tl} \\ l^Jj\ 5 d n _. f.l, M ->Vl <_____U1 L^L>J1 jLa ^Lc 4_>jjj 
LuUi: L}UJ1 ^lj_i _>* >_;___ __J1 jjL-U L-sj__i Embryoid body-derived cells 

3j_u__J1 j-iiJt (JjIjC jo _ 1 T j~-u*-4 J*-C 4__Lu_J Jl j-iC .3jilU J*tjC Jj_ _ya 
_>4 jr>cjj jJ- 1 -^ j-j->! _-___, jl JL>lj £j_ ^j-lc Jj_____>J1 lfl ir jl-uj *4jJLc 3jj__jlUj 

L^-U __ej_$J1 4_iLc _J1 ____> L » j^l . j-i-*Jll J*L_JI dj_L_ol__ t 4 ,n irnV.ll L>L>J1 

.( AV ^ 4Jjjlj ^JLjjj L>L>JI _ya _Jl_*jo ^jj _-J1 4oL>J1 jjLj 4_>jj (___ ^-fc_J1 
j a * \ C i -y I jc 1 ^ij^ 4_L>_ f l 4 ^jj j _L ^L___>._?1 _ya 4 2u, > _ 1 1 L^Li-JI : JL-ua 

LM_>J1 4 t f lt ~ ___J1 L>L>J1 _y» _L>o1 _-JJ L_jjjL_ Activin-A u n,n V "J1 
4 ttl L!vL_>JL _>-oL_- ^jJhJ jljJaL ^j_-_3 _-_J1j .Muscle cells 4 _■!.>> _T1 


&jclajr&±laJI 


i__l i>>U udj^j^ijjJl a s^<\ ^ji U-_ <Enolase «j-J^JjL 3-^3 »4 ^ i^-^U 

I4U TJ ,4__>.SM m. j*L^wVl ^j-a 4n".,nU LyLkJI l.n^ll^ *L}L>JI <_JJ- ^l 

LlJjjj £____ c^Jlj Neurons i_jLj i .^* 11 LAitJ 4 a j < «1. L}L>. j-»l « n 

.4jjL_JI 4jNrtttl L>L"*JJ tjjn 

jmMI U_tL_ jjUJI ^JI ^j-JI «***_fcJ1 LM*_1 Jp* 

^-Jl lfllja (^r^J *4 jmi?JI 4jr j^JI ^jl u 1*1^1 L*>L> I4J j j q"m ^jjJI 4_l_<_L>JI 
^-L^ (Jgj) " < 1 u-U Jjl_>. ^-Jl OjI t j 1 1 ->i 1 1 J->l J 4-jjLoIj 4_2ljj1_j jjl gltl 

(___3 i_)j I U U JJ*j) jjl o*"< jj C jjb Lo 1 ^ . ei'*\ . L*jL_3tlJ 4 rt I" ~* t, I jl jJ_>Vl ^j 
<jf £_jljjlj . Jjl__JL) 5jj1 LjL> jl L_uj_> 5jjl ola L}L>.j (Ij-A LlCj-l^ 

iSjjLiJill jj-C. 4j'n i>Jl 4j r j_>Jl L*}L_>Jl Jjjl__->JI ^yS ^j___CjJ (jr^L>.LJI 

jL>J*_M ^yS jnm V*n j jjUu lflU*>J l-ju uLUl «^l£LajJl » jL_i_>.1 tjjSu (_jJ->- 

.4jjJujj (jjJl 

L!>L>Jl < Uii *3 ^jjLJtj ^Lljjo *L_ujL <j_c ill ^JI (jry^-LJI I j-A j-*3J 

Undifferentiated Es4 ,^ V~U j_j_c ji SjjLoJUI j_lx. 4 m.^tl 4-j_c j__>JI 

SjjLeOll 4 jmI^H 4 jr 'l ^,11 L}L>JI j j .<H ^l^JJI I ju*> <jru <j-a Cells 

L*}L_>J1 j j n"i jjj)". ^LJI 1 $ j *} 3 I 4 *3jjJo l_JLLa c-JL-* . Ljjj-j>. 3jjl <i "Uj 

tji->JL cj2j-ju La JL>jL (JiLljj (Lfcjj-C. <jx. SjjLolII jj-C 4 j m*>1I 4-j£.JLj>JI 

protein Green L^lj j vi LLuj^ u Utj ^aj .Reporter gene^-Lit-ll 
Rex 1^^ ,.j jj>.i jr^. J>L>. ^ 4jU^ ^jj ^ orij»JI Ijukj . iAuorescence 

^-j-iW^J uJJj Jjlj ^jj . jjLojj 4jf ^jjj i U n^t ^ iii n n (^pJI L*>L>JI J->l J 4_Lc j_ulj 

LM_>J! jl_j_^_jJL .j -_xj>.VI urPi^l -iUj J___L__ jjj_l ^l L>L_>JI 

L*>L>JI Jj_C ^ n i n" 4 ( j t a "L_jj lr> i Jj-jLjj tSjji a*iU j-f-- 4 jij'^11 4_jX. j_>JI 

J A ^^ Fluorescence activated cells sorter FACS .hniill <.^.^!>UL 
L>UkJI 4 jU r ^ f___*__JI (____ (j^LJI ^L_>j ^.Jl 4__jL____)/L 

Jjl>- ^-j. 4 mn i p^-.-JI Jjl- L-cul lj-cl i.il ^jp3 * jjLajJJ 4 j'm i^ll 4_Lcj_>Jl 

<___> Human Embryonic germ cells 4jj ___. II 4 jMi-^H 4_j_«^jj_>JI L>L>JI 

^ i jij<^> n"> t-jjj ^jj^u u_r 4m . ^ y . u lm_*ji ^ ^jj-i ^i^j? ^-ji ^jU-iji 

. L^j (j-alikJl J_____JI 


V--n l nYfr> -jU5 __JI jj InlJJ ft j *i j '■ 7 II 'k .iL kaU I LLLall &-ip<p 


4_j_j_L>JI 4_lC J_>JI 4_»j_>J1 4_j_>.jj 4 jl n r _j_a_tj t_ > >Lv _JL__ £jj_JLj 

3 1 * " J l^L>J1 I JL_b . 4 m i n V" 1 1 L>L>J1 j_a jr--_« £jj ^-Jl Jj_*_jj 4-lj inlll 
jl Jj_3 jjo Lj_0 La-£j . 4 in V"l I L^L>JI j-4 oj I t £jjp_M l_2Jj-jlj 4_i_a_jS-j 

^}Lc_ , L_' _j1 4„ilj L4I *4_iL>JI ^ jjUlll J>l j_« "-__>. j_j» _}£ Jj 4 jl^. J£ 

t_flj____j t flt a ^yjJI 4jj-_gJ 1 4_ -1 Uj $ jl ^__uVl 4jjl_u jj-o ^U < nll jj-B j^_u 
LjJl _>c ( rt.M^li JjjJo _>c 1 __jIj t 4 jl^ll J___L _-Jj "_-L-_-VL Ij-A .4 jl^ll 

j-4 2lL_>.j__-i __Jaj t \ $ r 4__J_>JI ^.Jc *jj-j>j Jju jjl mRNA Jj-__.jJI 

.^"^ jj£j 


tt >-t 4*M LU__lf ^ ^pbalt $# Jf 

3j__bLL j_> cjL-j >J1 r,<j J_JJ ji iGcnetic imprinting u ; j >JI j_ajJI 

CjL_j__>J1 ~-jj ^Jjlj jl j JU rv J I fl j 4 j t4 n 1 a CjLj-_> _-_Lc Jj»__u «4jj j «-j q j^» 

I Uj iVl jjSLj-UJ J-b __Jl_3CJ _JL_jLj S^- _M j_4 I C-jVl jj8 _-jl J-A J_-bJ t 4---J 1 Ul I, t 

J--_JI 4___L_->| jl LjJI 4 1 j ~< a _. n , u "i 4 jl ^ f Jjwjj ^iiijl OJJ . L-_iiua jl ^L^aLc 

J<-_c pjUn jJoLuc j_jjl__*-_-JLj <DNA Methylation LjJI __J! ^tj ~i jtl 
J-«lj-c jLa . jry>JI j-« jjl>JLI L$j_La ^-Ja Jj-JJ 4_c j_^j*l^ i M m.ju J_--*-- ^ Jy>JI 

^Jj (Jjjj U_4 * j_->Jl _-J-_ 4 ~r j T mll 1 ^ i<L_j ^ jJt ni 4^1 ^jU" ..." V j__u-Jt 
L§j ^cJ_u 4jt «ir VI __jb La LjJl 2_LiUj .^ T1 ) j\j>j! J-o_c c-a_3j ^jj _$! ^___Jjl __n__ j 
4 gttll CjLjj_>JI _► JL-bj .j_>Vl j_>3 Lalj _yo Laj Cjjjj JlB jj-~J 4 ij t fl oLj_>. 

L-W-J _-_L--o_ f | <— ijjll _-Jc cLj J Jj>J ___JIj t4_ulj Mif jj_C 4-_bjJ__j £_x__j jl J-L-J 
4-Lwj Cr- L>J>-1 L_CJ J-4J _-Ul d_jj__- V __J! 4_L>jil ^jLc V o t~ ^-JbJ »,-Vlj _jV| 
aI 4 m ir>Via 3jjL»-U ___b Jjts j i t^ i nn\ 4_iL>J! 4JL> ___lc |j£j t 4jjjUll _-^LjJ1 
_)jaj .4 jI-nTI 0-___aj 4 j <\ . ■>! L__- ___LC L-j___jIj ^j m ^Tl ^jj ___Lc l_i--_j ^n^ tTI 

( 4jjVl 4 j,,,;^! L>UJI jl> jj V !___♦ __Lu_>J! r, o ji 4_4-$-U -_L__>->UI 

jl L__j? __5jj___Ll _yoj ^ _j o j ^ j I j 4 i^nj-JI jiJ--vJ JL_C jj ^Ull JjJU 4J_J 

JU3 U_4 i4_uj_JI 4cljj Jj2 jjj-kil __U_j i4-jaLL_jj 4___cj J_itJ __J_u>JI jjijJI 
4_jC__>JI ~U_->JI 4cljj J-lc _JJl_*j 4 i u-ij *____Jlj . j^J_>Jl ___ djL-bj .V) 4-lc g-" n 
4_l_ j^-HI _ jmiiiII 4_lu JL>. J_Jj jl _^>l__>.t j| j__1 jJI j t j m ^ L 1 ^-S 4 j mI^JI 
^jjl jj_, ,4 jt jiUTI (OJs-jJI 4__jj _>C _ 4jjj_J1 ji 4j n'tyW ~U_-Jl>JI 4_J_>J1 ^jjj 


J& i .1 ...11 j_> 1j__ (j^Lj Luj^ -«-I I jjjjJI 4 jlo r <___ JUkJI 1j__ *1jj 

^jjl j tJ ___ Laic ^^Jl _>___JI ___ 4_j_xL>J1 4_^ ju>Jl 4-JLiJI __OL__-l 

>__*_. )-_>_. j_>J1 ^u-uL 4-J_-1jJI 4jjL>J| * -l"<H 4jm;^TI L}L>J1 m.i LLuk 
jLiJI ^kj __}] i", lrt'i ^j i J-*___JI J--___4 4_» i". i" ■-■ a (_-- C-_4J 1 jl jjl J ' * M 4_1_k| 
_JJj ^ jjj i „ ,r, ...II ^ ^pjl t *ll~ 4_ulj_JoJI 4jL»3_Ls < M"Vi j-jlLJL (^jJlj 
^LLj 4 jlo r ___ j i t i ^cj <jxj j iUH ^-Ju-jhJI ^-A-lJI J--4J ^jJS j J i*i _-J] 
4-_3j_JtII jjl .ajjiu» jl u « J iU j^i: J_L_. (^j j_J> (jJ! i£jJ1 J-*^ 'J_J?JI 
tj* 5jL__J,l 4_iLi__JI j "■' 4 X 4__j_*j0 ___ Lju-u ^ ij*»Jl j->ajJI 4jUt j 3jU_>Jl 
4__ujJ_JL jjrii^ Vi II ^-JJ L>L>JI - j >. j " 4J-J-J--4 L__j! Ljl-j-ajj 1( ^l__lll 

1 fl1j*ftl L-Ui-iL jl_3j ,^-^kJI gjMiMI JJ-.Ij jjju ^JI LLL (___JI 4 j «jjUH 

J-L_uj . 4 jm i -yjl 4_i_aj_i j__*JI 4_JJ~JL _>-oL_>Jl Jt^i flTI (j-- Jj *n rt"JL L_>OjI jJ_j 

j-4 4 .ai^itl L>UJI (y^;^ J>_-^J ( <y- u^LJI ^LkL jU 

L^-Lo -bL__ l-j^LI 3 j ."X LI^jI j-1_j t t 4jj mi j H 4j'rji^Tl 4-a_l j-_>Jl 4_J_>Jl 

4_-»-_JLI J«_i___J1 ___ ^j-J I . I Jlx i_oj_jj| J_- _u ■ - 1 1 ___ 4-u>.^L-Jl CjI 7t jiU"JI 

U^\ju*\ £^-_ (^__ 4_-___>JLl L^_ll jj_j 4___j_*JI 4_J_>JI »1 oUII -____! < rtj< 

. Sj jU-vj 
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<j-2>jJJIj L^IjjI t-al j 4_j_cju>JI 4 jl^TI 

^^Ja I a 1 t V j < u I jjfc i Laj \j <_u I jj-_*_j ^-ia 

i^jJI c_eju^JI L_Uj i^-i-jj^o J£ £>L_c ^M-jJI 

*4 j L_j_)jJ1 CjI j n ni* i ii a J£ ^ t i n*> 

< iUII CjI jK 4_L^I ^ ^"i n" (_£jJI i AJL-gJl <J-ii j 

*L*jI J£ ^yJa iliL^tj^l J*l i 4J j j i^llj 

J£ i_SJL*J ^^ajj^n J£ J-ol *l n m.IUs . ^JLaJI 
<_j|jLCj i?ULt_<a * I tj o-w ^ U) L*£> t^jVlj . < ^ i j t U 

t^jjjjl _JI * I j i r V I ^jwI i>t < ^jrtrtj j i nj 

JIajj i(Jj — Aj Vj ^j^-L-j — =*J, I » Ij n n II j 
LJI ,>j 4__<____- jJI 
l^jjuajJI 1 <jl j-_M _j i m ij 
_X-__£> oLjl «a j<H 4jjjV| «__-jL_-_" I jjj 

^L-JI jjLJ u^Ljal ^ I j j ■ < n , r <-.!< 

_-_ul C^L-s I jlj ij j n nll ^JLjlJI L-ua j i^ ^-j „ ,„.^1 1 , ,,.^n ^j,, 

,4_tf_______.1j jl^JI L>Uw ^ LLul Ji^j 


1 T j I _)L-i IJl_. J_T 0--* \J-^ ^ 6 ' A ^'}J^3 t-Jjlj La 1 g-ba Ojl j 

_>jajJ ) 4J j___ I _>ja _JojJ, I jJ_tJ J L_*jjj_>- _;_-> 4 K lm 1,1 Jr»tJ l__j__ 4 jr Jl_»J I 
_. lc JjL___JJ i I___3 _>_jJj t4 ^jl^r. _J I j j.4 *j — *1 _>_4 4*\ 1 <u U» ■ L-. ~*' a 

Jjl_- (1>^*J ' - l "i^ll _>C J J y>J l_j-Jj_C jj_ La J£ ihrtl" ^-Ul 4-cl_ll 4 K ni -> 

^^Lc ^'nf 4 «j iUH j__ Jj <4 «j jUH ^-£L__j £>Lc LgjS/ _*JI_j Ijla 

J ... 7JI ___ La I * j ,» jJLaj _J 4_iL>JI 0 *V fl 3 .l__M_I jl J1J--0 4-j__ _>__J 
_, 1*1* __!j_i_u . jJw[ j 1 rtr J-a— - _n__3j lj i ^>r jJLlj __jj__ J-> 4 J--*- 1 t_jjJtJj 
__)j_- t j>U_>^l __lc _-JL>JI C__jJI ___ *L___JI L4J IjJl-U _>5Li ^J L_olj_a? 
4_jjLj JJ-JtJ lJ3j 1 tJ j i^LaJL. 4_^j >Jl _>C C-i-i-J <-»ljLj <~,l 1") _>_-> _Jj-J__u 
J_J - Lljj__j _ »La __ L^jl 4 j f Jl>JI 4_jj_»J l *4_j-ajL_j _)__)jjj 4_j Jljj jnli n 
juu 4 inri*> __JI JL___>Jl 4jJ__ J__J j! iJL___>JI __JJ JL___>Jl AjJLA L4-J **-!_ 

. 4_ic J____ I j 4_o. L__ 4 I .. -h I _j ? 

<____ - L__> _-JjJ .«l_L__j ___La £*}Lc ___■ Jl>JI 4_i_L*JI)) _)L_ tjL___l_-L 

^>L_*__* 4 j c j >J1 4 jl^TI ^I.V V "1 miI _>C l_j_L_>J? V l-_j___ _ J in _JI I JU_ 
l_jJl_»-_? i___}j___ Jj _ __JjJ 3 Ju JLC Vj_____ CjJ)jJ9 _-jjJ jj - 3j__"jL_a 4__jjJL_u 

~-j_i- jl_ 4 1 u _j ___u_>JI _j-« u t jiUTI ^LcjJI Ijub .j-jL-iJ J_L *l_cj£ 1 jif 

t jJ_>? j? _jLpt_) J^-r a J-Aj JJ-»J Jl_5j t4_uLj J j__j l__j-__ 4 r u n*i JL___>J| _-JJj 
Jj-c-s-^ 4jl L_JJj J^ _)-* ^JhVlj • jJ-^l J? JJ-^J j? j____c J_-l_ ^ £jjj <<u 
(__j_j j_L____4i_? _»Jj_>-j _)l n r r> <^J _)-->j * _U___>JI __J9 LojL ^m' n 4 jl-_ __B 
l__>-IjJI _)-->J ._>i_Jj-JJ [Sj-^" ' 2>j_a 4_>L__cJ __JJ 4_>-L>Jl ^ Jic ^cj _yftj (_rL5_JJ 
J_L ^LcjJb ^>L_jJI __-_ 4 jf _l->JI 4 jl^TI ^-1,1 V " rr.l 4 j nj< 4_e j 1 a Jj__> 
t L^-j_S 4 1 j 0 "kj 4 j <i j^j i4_j4_>o l_Bj__u _J jJI (jrL_>J I jj_> Lo l_Sjj_j _>? *C _l ij ttU 
4_jjIjjJ1 (j_»lj__aVL Jj mnll Laj M $1aL_-> Ji-I_ 4_L_«__>_ _,--> < 4,V 4JI Uaj 
S_j_"l _-j->> _4_»*5L-J i"< <a, V -tt"i 1 rrl ___JI (JjJ-JI Laj tl J-u < nj^j ^Lc J__J_j 

____? ^jL_JI (_;>_>-=- _>i-l l_ ,m!j i^LoL^ 4_i___JI ____ l_Sj-j_o _jl LJ jo^ I jJ 

_____ Jj i4^j_>JI 4_JL>JI jjbj l-jLSJI I j__ Li_jJ_- _>c l_j _jJli_jI Jl_ _)j£"l 
_>-a I *i j <t r Lr- j> <r-> La-4- 4j-C j_>JI 4_J_>ji J_>-1 In~< , r,j jL_ t( j - II 

4-jC j_>JI 4 j I ->J I Ji-lj jj>oVl j j 1 n~> l-_j_j t|»j_Li_>Jlj _r_>JI L__J_ftJ _j? _)J_ 

, _>j_iC j_- Lj (j_uJj j__ iij_a _j 


jSvjj*-ll J^ _^JvJ«* 


dlluJL £UbJI 9 Lte.\pJ\ UbJI 


Gene Therapy wl_-*IL< 6*-t| 

"lj-C j_i. j-jlc jj d^J t5Lj_-__L-_<Vl Lgjljj n a __JI 4_jj|jjJ| 3j n miTI l_I_3 
LjjJI Ji__« t( _-jljjJI UjJI «-(Jj^ J * f J <-J-l mi"i 4 y j ~t\ 3jljjl_>. 

J___ A- ^j t -__uljjJ1 4 _-jL-^JI ^ jicj .Recombinant DNA ^_-J__JLI 
^■l s j : u- L^j ^jSLj ^cJ L1 4 j o »1 ___1_> (jf-__ ^ t Gene transfer u_u>JI 
< (j j *"< I iJI l__^_JI J_l__jj (__-JI ol a— i_ j U"11 ^__l cH°J *^ v _ - ' 4 jL r 

S.l >~il,l l_jLVjJI uLj^y jJ_J La IjLAj .__.! m ^IL 4_i_w}L_JI C_l nj iU~H 

l-jIjLLo (3-^1 <_r^! * ^Lh-^J ^H-"^ Jj J 0-° lJ-^-^J J-^J-^lj Wjjji Jj j j 
J£ Jj-3j .ol . ,i>U JL>V jl t (_gj im i 1 1 ^-j ij >J1 ^jjJ^a ^Ja l_j1jVjjJ1 

c-*jj-3 l_-_3j JlLa (jl__* (_--JI *4 jio t"inll 4-jjIjjJI L> __1j_-iVl £^L_- _____ <*(_---- 

(j--i jj-^-j (_j L_r (j-^-a . JL>J1 l-jjj____> Lj_--_> _4j>-5L-_ (____ j j^ n" 1 I jj_-5--> 

L>Jj ^L-uj (jH->- 4-J jJ ^jJI J*V i M II *L _j_aJj-_* jl Jj-AJ (ji »1 0 ItH 

O-a Jj-9 1 «4 " <ij Uj *L_j ^L__JI <j-C lj__*.L_- 4__-__*_j t j j i *s JJo- 4jj i jJsLL 

(j ^ t i j j i(jVI 4_jI rt m> (jL-LdJ ^j-C l-J, V *r "jj _jl »1 oltll tVj_-!> (j_-J 

3 JLC L__J L_J ______ J--J I ^ (jOte- ___*j-M ^jj^- ^UiJI j£LJL-_ 2lL___JI -sljll 

^gj-.M Jl ^j__x_>JI ^.J. (j__>. l_4la ^jSL-j (_-_JI jljll (_-jfcj *4 jij ^ jj__Lu 

^__J| _ 4 U j ,n t\\ j_j__>L_JI alJt jl jljil allJb LiLjJ (jj-5-3 jl l-_j iUII L^jI 
4-_j__jJ__JI _____-__JI _tj__b ^JL-j (jl ^j U"i i n" L^jj - (ji__*JLj l_£)j_--j 1 — a (jj£-J 

l-jjIU 11 <jy*}\ JL>-jJ L^j l-Lh*. 4jL-__jJI ^jl VI ._j-xj_-JI 

^5A— jJI 4 jl <t r ^l y \\ pjl . -Jl (Jjj-LJIj u n j " _-Jl J_*-jdl (__-- (j-a-jjJLI 
JJLstwa ^Uj j! ^ll^- (jjl J ti j^ ( M^j-J L 1 ij J--JLJ (j_--ifl . l-jI rj ^TL 
(^IjjJI JL>JI j->Lc jljJLI "L-ili-JI ^-Jl 4_L>.jG ^-i-J i Ljj_-lj C-jL-j l_Sjj-j--4j 
J-lJ_ j . 5 j rt t a 4 jl or L^jI LoLj (j_A ,t 1 1 (_yi-- Jj t4lfl ' "jl 4 jLr * L^j 

l1)jl_=__3 4-__?-^Ll-_>) jljJLl ^ii >J1 ^ tj_-_>J1 JLi-jj 4 jU r -> j. t >j Ijla 

^JL-JLI (j^_>J I Ijub ^^i->5 o--*- 4 ur^- l/---- 3 I 'l^ >j L-_ * 4-jj1j iii r 4___jj___o 
I_)l_- JL>._jI L_jJL_5tj A .(j>L__»yi (_-____ < i i >iL j j r (jjSLj JlJ_ (jl_La ^-J- 

ciJ-ijj jl£) j t3jl____ (jjS-j jl__ ^jL-j (_-JI u?jj- Lxw3 i 4__JJnJ1 ^-j- ^LL>. (j_->J1 
L_JJjJ .4 L n U Jj_-_____J1 jl_>.I (___. ^j-L--- L-<_-_* )oj!l (^-Jl 4jL-4_JI (____ L-4_> 


__ll u^>Jl JUwj)! ij j vi lh\ -r-, ,„tl j^LJI ;V, ,1 JjJI JjL_*j 

4 J r L_>_ jV1 CjL--.Jj J rtTl ^lj -V ~i m,I J *i A tg J n.i II jl 4 jl^JI 

i V " _J ji Adenoviruses ~Loj ,H oL__jj j nll ji Retroviruses 
__ujl>JI JjjuJI ( Liposomes oLaj-_.j <jlll ji 4 j ; <t» jJ 1 oUlui>JI 

.^ V ^ 4jj~- i.,T1 4j£.Ju>Jl 4jl^TI j-b 

<j-^ CjLjjJL £jVLjJI Jjj-oLij J>*j_ jjl Jj-~- ^jl — -J1 ^j--jj__ ^j-LIj 

* 4 j j ^jj j tt j_>J1 LjJiLa u \c _— j t "n \ ir J t 4 j r j ->J1 4_jL>JI ^jjjJo 

Jj-5 ^j-a C_/a 1 V miI _---T1 <Jj--J1 1-JL-j *4 j \c Jj -kJIj 4jj-_, Jjjjoj 

.4_jUJ1 J>\ 4_L"oj 

Gene 

: ^LjL- JlJjjJI j »1 1 oiTI ^j-jlj-a 2* I Mjln Jaju (3 j .'- JUu3 <■— >l J ^JJL-j 

$jry>J1 Lj . 

: JLaj M t~i i ■! A 4jLJ l£jjc_* ljBJjI <_-_->■ ^^ljLJ j lVf M ^Jj 

Hjiiirtll j-tol ... - 

Lol £>^\Jla jJoLitJ 4_c, j, i.u.)j ^ I nr (j-sa-ojj t4 m>I <jl Jj3 1 j «y t*i a ("i o i n" iL- 

4->-j J Jjj-jtj i jJbL l— t__] a < Ait\nl i 4jIj *(jjj i^da Lt-j.4 
0 t i ,nTLa 5$ j*->Jl 4-l_>Lo .Um inlL l__j_*j _1 4J < nj< i ,1 iv fJ-_-~J ^jL^ 

m-hII l__VT jf cjLU J*L>. jjfc u_->-1 4,4 j i" V I ^jJI 

^j^T- inlT 4jL| miJ 4 Uj , uJ jJ-JJ L$jl (____ Jlj_-JI IjLA ^j-C 4jL>Vl (jl VI 

3j_Jl^ _L*J ol jj m n, 4 ^jjSLl L-$_L. tjjl m< lll < m iUTI _JJjJ Jk jl t^jLJI 

oljUJjiJI jj_4 L-tJj-a J-jLj jj4> ^j-L^JI ^jl jJJ IjLjB . pJjJI IjuA n i n V " T, 

LT^ -L^-J^ (4j 'ij-wjjJijj 3 JjcLs + JjLdj-uj^ f(j|jjfc + j^ Tr i n^Vl ^jjJ^s J*^Lu ^j->-) 
^yjjjjjj frtij->- jHi jrjjw J^ j ri mi i t jj^I jl jrLt-« * i , r> ^jlc. jJJi I j! jryua jj3j-a 
3jL>-jJI jjfc l£JI Jj I Jjj3 j-Aj t JJL5e_A ^rijUj m^jLjJ j! (jyjLjJ ^(Jj^ jl J^l jl 

• i **** j_^j3 i t rt Jj * **' T I Ijuk *i *1J LUJ3 54jIjjU 4_l__uL-uV1 4_l-__J_>jJ1j 4_jJ_jj-j__J1 

(t^j-i I JlAj t^j ^i i n ^*iU jwJjJ ^j_4_Uj J^J- J ^ Uj 1 ii > t Ltt Jc- ^JI 
jpy>JI jjb Ijjk (jjl_> LLki «~^J>J1 jn 8 jLtJ tJLaL- L-aj^__i (Jji-j ^4>.j l_u^_j_JI 

^-Sj l JLl-UuJI LJL- ^L^-l-j 1 J_» J_xVl jl_ ^j^jUjJlj (^-tJ-CjJLll 4_UjJU jJb lj_bj 


Cili i? JU gllaJI 9 "4^ijdl bliaJI 


ti ijJLn^l JljjI Lo jjuij 1 jn aUl Jbjl V Ljlj ljJflljJI ^jn^ ljufc I 
(4jL^JJI ^ <Uj ,,. i-.tl (jJJ ^jjj 4jjJa £jJL>. 1 jj j_al ^Aj t 4LoL£ jry>JI 4_laLs jl 
JLoj 4j| ^cj (jj^. (jry>Jl (jl 4 nj n «nTLa . 4LaL£ SjJUail *jufc ^ljl V (^l L_£ 
^ylajjJu *(j_L_ j-J*- J-Aj J * tj 4jL_ * J_£ |*J n y\\ (_--■ 1 j u uj 4-jjIj 4 j m^jJ 3j_~j 
j_fe ^ijJa ^j-L>JUs i (( (_yj I _ » IjLejs 4 j<i i irl J*\ ni > SjJLtja Ls 4 <i jUj sJJJjJJ iCjlj j t*iT 

.4 i ,■ n '> LjuM DNA £____; ^-ill <___> cJ ij -»JI ji . ^j^JI ^i j^> _;jjl 

t 4 jU-v CjLsjLuj (jL-*J 4jl jl i_-a5j (^U^ J-jLjj j-_ 5»l_ua (j_>JL_ £j_3jl ^it hjj 
(j-aj £jl_>Jl (jjo 4jjG (^jJI _jIj-uI_JI (____ *LL> __LojltJJ 4_*Jl_*_<i 4_jjjJ__> jL-»JJ 

(Jj — >. Ij J o ♦*> __l Lj_>. jLjJLwI 4 > j jj (jj-u La LJLc. 4U r 4__jjJ_j iJiJjJl 

»(jAxJI i^i^ia i J t miJ CjL_jj>JLs i(^3jJI ^UaJJI 4 j Uu ^LI_J J-4JU _j « n 4jj 
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y 
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J* 

JkJu 

jj 


Promoter 


4 ■ ■-J->J- i £-__JJJ - u t I _. T I ____ 4_t_ij_« j-"» 6j J 1^1 JULJ . jj^J>Jl J^jU (H) JSLuJI 

^jHj L^iSj <_jLjj-L>o u o i ii'ij ojJluu» j^L tjsj^Tj obj-»-j_- 0 o nMj 5j <i i m < (JIsLIj» 
j-jLHJI AjIju ^ PromOter JjLJLII J> L«S ^j^jkJI ^ (j^-i-Ij Ji^il 4 

. jry>Jl ^uu J-«Lc t f 1 i.ioj 4j ^jJI 


jj^ 


J-LL ^ fj-L-_>Jl ^ jjJL_L* JSLAj 4-la j n -r 4 l_jL_xj1jl^i Jij-j*--* Cn^j 

£j>^ <_.! L_JJj <_____; JJjJIj .(^ J< Introns oU>L>.jj Exons 

tj-« J--£5 j>3 L__jj_a _»JL_>-i LLjj>Jj * JL>JjJI u * t <nl l <_-_£} cJ^ j^^j ^ 

iCoding region urujJI ^ j n ,«11 ^J^JI <_._-> l_jLj__>.j_>J1j J-a-^I^ ^ , 
l__Uj__>.jJI l — « I 'dryjLH <_r^i (^J-^ L_aj ^ » ^^jJI 4 j n j h ^ll jj^JI ^L^ A 
t> (^Ljl^ L_4__j > _>J (jjj .Non-coding regionSjn ^.«^-li: JU|^ d « 

(jLLHI <j__; <_uufcf J-oj V LajLs Ijjj l_-_--j L^jI Jlu t 3jJL>J1 4jjIj>J1 ^j^y^JI 
« "« iii jl j * L$j1 j (^JLjjjJI j n t "!1 4jl o r <Un 3j__j l_JjL__j *_/ 1 1 

L^&J <Polymorphism j ,i. ,11 j^» ch'j^' o-L*-^ cr^ 'jjW Ijjj 

^ . Intergenic regions ol ij >ll j__j La jLLL* j.* j__>JVLjj - lUj^ J-±_ej 

U>V 4 j nj h-kTI 4-5B-ajjJI (jioLLa ^--Aj i3jUJL>Jl 3jL-JjJI oLj_*_J < ; ■ ig^ v> 
j-__iLi i Uj>- d j--*J ^-it <n (_--- jl i I Jul 4 i iirti ^^-i-- 1 fl iij t-aj V ^jjll^JL^ ^ . ^ 
JjJj jj-t-ot (joijJj jl _jj_vj jt OjL£ 4lu (J| (_____- ^J-i-ua^H ^ ^ 

jjjLj 4____.1 jj ^__3 1 0 jlc ^jj, i « " tj CjLj^IjJIj j>L-__JI *L*i_- u' LSj^ , / n > 
J-L__*_j (Jt jjl .^ A) tj^Jl ^.Jj orJj^l L__jLT ^ (jrj-L__J1 cjnjjL) jLU ^^Jl 

ji (-1 ^jLci Lr^JI L^j L__4j_c. ^.jJI 3jl_«L>J1 4__l_-£)__l__JI dj__vjjl ^j^^ ^j^jj 

^jLj 4-_lJLA ^ m >J1 ^jjJLll jl j_i_J1 I j__b )Sj_i-,I ^j- S_Jl_xj JLi-a-ij ^^Jj( 
t( JjjxVl (JjI M-fc.11 4 jrtj ^ja jLojUj jjOJJ 4 1 1 uL-11 4 j m 1 ^tu Cj1^j_>J| 

Cj^ - Lft£ . Jajlj Vj i-j-Jaljj (jji jryus ^LLo ^-Ja J*-tJ u^J| , <| ^ j 

L_JL_b iljuk L-jjLjtj ^ySJj • Jx-tJ fj\ 4_tl-C J_3J_3 (J --_-jJ-J__Jlj ^yjL j 4 J^ Jj 

Lo (____ 3 1 " 'J iLl)L__i_>Jl (j^_i lJJjjj 5, Vn i a 4_jj| i n 4 jl n C ^-Ja ^j-^j ^ ^ ^ 

j-a I ^ i LoLoj -* inn (j-J--- i L_bj_jal (___* 3j_j_l_C 4_l_>- l_j__j^J> *^>-«iu 

jj Vl 4L.ni i LlL-L JL_l-_jlJJI 4_JLc 4 Lfl .Uj 4-ljj oj i» L_iJju 4_fljLc 

J-i-c. lJJIj jl Jj . L_J_1_lAj L_Jl_Lj_l (j-Lc 4ljK II LL_«1>_v jj__j J^j^LI L^_J-> 

C_jI LiJ__j_-__LJ JjLtJ (4-_JL__>JL1 4 jm Jl l__5jj-L_JI j_aj (j-__t_JI I ^'^*. 1 CjL^l_*JI 

3j_sj___4j ^^-jejjjG J-LJ-j ji ^_^L__4 J-Li__j e1j___i iL l_3 jJ^u 4^1^ 

1 jjlj^' (_yL__ 4^_1JJ Lj__lj__U 4 M t j L_flJL-_ ^-JJ L_L J J—t-O jJJ Jx-JU L-J-J- 

jij__j 1j____-j . 4-£ j n 1 jl _ j " t j a j jr 3jl_>.Ij 3jL>.j ^-J. < * \ 1 1 Jj ujii ^i^j^aj 

l_jL__j__>J1 -_a J_-_-ju j__^__a t L_jL_Li__>JI j_>3 L_aV^fl L-JLd ^ jl__>IjJI l>qJ| ^ 


^Vjj*-1 JJ--« (^JvJ^ 


_____ _j*-j>J1 l__jj-jl_-_ (jjl .3L_s__Jlj 4__«>1 _JI 4< __JI iJj___.L __<_! l£>-^' 

VI » _>QJ S i a ,j__£iU lJljjju jj_ ^^3 4_u Lj_*_j£LI I i . r j^ljjJI _jr>* 1 4_j I (j_,L_ul 
L_ajj__u t4 " jjM 4 i <Jtll 4 j ■wjjjl _ys c-kjj i "ill HlA £jl JL_yjl _jl i^i^j _y-jl 

j j i^ll _gj ji 1 1 1 i j 7* 1 1 IjUb __J_i j ?c i i J (j-_>? l_)j-1_j JLu jjjjJl __jjl__ ,j__I 


^LJj y ndill f*-L-j < -LL_Jlj 4jjj^II cLx>j-JIj cLj_L_J1 (jul jj_ - c__lj Lji _ ^jj jJ-i 
UjJI I jla ____. --jjJL> K.mIa J__l l__3__u ___ji VI t Lj_JI l_uj___ (___) L_ 

. Ij-u-i lj__y 4 j o^ijJI 4jU AJ1 4j1 -> <i tn tjrtJJ 4jL__ ____ Jx>JtJ _£_JI 

I jl _ L- _L_>. ^JI _ u_-jj-_-II ^ 
^ya (j____J| L^g-La J£ j-o^j _jrpj_vj jl jinni jLol _ya jjLj 4jV i 5Lj_>. 1______Lj_U 

r>i"i ^.jjl ____> 4_j_>-jjJ1 _»Jl__ l_r^JL3 fr (jr-" J^ JL*_>. j__j I _L_> (jj^J ____j * j_>. VI 

jj « inll LLi__ c_- ■ j'4 4 j__-VI ^-a L_~ J<" jIjj _$ jJI jjjJLI (j-jL^-JI J____JI 1 \Ac 
^ya Mic c-L-l_ LL__ .JL>J1 JL_-" JL_*jj 3 jUr.ll ^cjjjj 4 «jiUTI 3j}L_*_j _>«-_JI 

*(j-u-__j-3 _£_ L__jjj _j_"n '"'J U^-^JJ (j*Li-->- L-. j _yul_1j _j-Ujju 4jjIj (_jL___jVI 4j>j 

jjjj jl_p LJ_i _$-Jlj jHjPj-^l L__jI '"'4 J-L__.- t c-jj-_j 4_4_^j c__j3 Llj 

j-A>L_ .__jIjjJI LjjJI <i_^j->. 4_cjjj JL->. j___ (lL>. L_sjI L__b _yij )(j__ulj J-4J>. 
t _)LlLoi ^Tt _ t_jl iL i y j ^ fl t(jfi"i o t( j_gji m a i ~*j_j_>a i j j^j" __-) 4 n\ _^__Jl_>Jl 

J___JI) Double Helix j__ujl ^j_j_« l_J jJ 5jj--_> ___! ^jljJ-l ir>*i" *tjljj 

U- <_H J_ -j 1 



^Ui^ jjli_ll _& I jlll Jjcwj <Lj^ 


.j-jjjH-^JjUji ji DNA (bj) 4_uiijjJi 3jUi -__js^-J iUm. .4 u— j _jtlu ( ^ •) js-_ji 

i j_j-l = 1) 4 iii ^j^-Lu _i__.!j-_ __j__ _/\_j l>_j-4 j_ 1 I al_>.*j.4 jrv " bi \ y ^ J— 3 '"' j ^ 

L -c <_»j_ll 1 |j__ ___ - 4j m>-J_) Vj/h J-uljjJ ( jjj__)J__J__f = (j_< 4 j_)_Ujlj_>> = i_jpL-U_« = O 


i a 


w^ 1 

(___JI jUjJI ^yS jjU^TI ojJil ^jUIL 4j £JJ>JJ J^o^JI l-^lS^i |>* 

s£h>- - HJCKr-"' I Jl-a _,| LI_ |jL_ t( ,j<pJL LS_uj LLLGjl Jc^y -^ 1 - 

(j__ < rtl"i V") 3j*_jJI 4 jl ir (jL_ *4__o Lj^w jlL jl t 4-_. n*t jjj (j| ^ "*" X ^ 

<>• (c£jJI _-_-_■ . _4__. £_«_-_. jl l&JJU (_-Ul lij-^l J_Jj_JI CoLj^ 

, | p ^ j , „ i*n £___j ___ Lt_>o \ n <pl VI i (jylajj^u jl (jryLjL^- ^j^-_>> LM-^ 
j j r j 4 lfl i ii 4_njjJtaj I t ->/) t LaL_u 4jjj V (juLL-A j j t ^ jjj^^ ^U^li 
L>* ^J^H^ j_bj i4_oL__JI (___ 4_iL_ Ji L__ul 3, i - t a j^A 

.4 m in> M iil LjL>Jl _-4 L_.jj _>_j f j ^-ajLj j-c jJl^l _____ _J Li^ pL? 

0 U >JI < t M <j_UI CxjL LjJI I jl* _jlj <Lj L^jIjj t___i ^Ja -Jllo- 
li^<n>"ifl ^jjSL Ls L^lo L*M_>JI 0 j_* _}L_ i Ljj-Sj L}L >JI * jla _j a** ^ ^| 

lPj -jJ! - i£>*'j l>-L_>^-- s----" L$>b *JS-J 

L4J t"r 111 jl ^jj^I oLlcw 4j Joju Vj iCjLLo- 4_j J^l-j L}L>JI £JL& ^^^^ 

_____ oi Lils IjLs .j^I 4_di- ct^lK^ U__J iL>UJI ^Ia^j/^^ 

t_rJj . .m _ I *1_j 4jjj 1 .i o CjLlo» jl _>_>. L$j (j^Lj^ j j II __6 4U^__- W^ - " - 
Ji-lj Ijul J-w-J V _ <jJj m,')_I *L__) uLa> _$l _ I <jjj n oLL_>j| tf >^ 

uySpL Ujj_>.j ^j t >L!u jjl L>U. jl _^1_JI LjL_- jf ^ ( 

<^ l_j>JL 4-Jiw (jj jljjj 4jUI j^jn^ (___ Jj *LjL>Jl __Jj ^ 4_j_ij 

Jj_*j I j-Aj .(jaiLj < ( jTI ___ 4 m t LM_- ___ _____ Jq--J oL_j_>J| ^ >yP 

l_ _4_£j-_JI (jl l—J ~lj___j_i _j 1 111 l — 0 o ^ t 4j 1 1 V 1 1 1 (___ (jr_>JI L-dj^^ 

ij\ ^ Jq__J V 4jjJj-__iVl _>£. 4jjj__JLI CjI ijT-H jl Ljy^l 4___ij ^ 

___ 3jj_>.J_4 (jn-^Jl 4 V iii*t (jj jl . J-l_-J -* ^JLJ )(J_.LmX j jtl J.J C **" 

<--U ^cJl .-_J_-A ^ U-SJj J__j_j LL_. L^jI *L>L>J| 
f-*_ Llcj (j__J t 4j (jL___>.L__-4 _;j^>-t 3Ll__j £jj 4_t_x (jjS_i (ji ^ 
.4_L_JLI jjU.mTI (jnj I4J Lic. ^jjJI 

jj_>.j_4J __J_i jJfc 3jljJL>. 4 0 ... _JU 4_i_>. J5 ___3 jJlj__) _;jjl (j^>J| j^-^J 

5j "1 t-i -j 3jj_5t-4j 4 ijt d (jiiLsi jl UI_La Jlstj iLj VI j_b Lo (j-_>JL_ (4j^j ^O-— 1 

j_t Lj J-C^y-Jj iLj j_b(jrj_>. J^ jjj .JjjUI (^J-jjjJJI <Uj kJI ljL4 

.(jrj^jl ___L_. _;jJI « m iUI> (^nj, iirJ 4 Uj . .1 1 4jL>.J t>j_b ^ j0 


^Cj^l j^ ^jIj^ 


on i? >L gU_JI 9 6^_wJI LLUJI 


i I jU-^w. 4_jjj-ja 3_Ljjjj (jAjjL 4j^-J (j-« J" - —^ LjjJI Jj-b (jl l__Sj-jlj ,jl JuV 

LJjL *<j;j_>JI _j__j <jt LJ jj2 I j]j > .> L}L>. <j-« 4ji>. J£ __U_j 

5(jjjU-« J-*U _-Jj ^J^IO J l^jlM^ 

j< mtt «^j >■ : oUj__--i 4j5-J l__J___j _ *L_jJI 3_L__-J _ 3jL__uj-Jlj 

.4 j?j >JL>" "9JL__L__J _-il <i _uj-_U1 fri£j-_>.j iCjy* ' " -> -*t £jj_-a (j____La-_>Jl 
J_^J3 j j t " 1, 1 Lat * LjjJI ^-J- (j-_j_J I _u!j L*jI J luI - 1 nj--Jlj j__j-_JI -r 4 

Cj = (j__*l j "1 "I t I = JrtJjVl) Juctj__ £jjl L-g-Laj 4 jij >.jj " jj 11 3_L__L-Jl 
4__J jjl 1 irnl j ~c-t 1 1 j l_*j_-_jJI (jJJJ *(_>- — tj_jj" j * mTIj = (jjJLjj1j_>Jlj 

|j_g_s )J_____ 4-_jL_J1 (__3j_-?) _lcIj_i j-ej^l <j-* L^jI oK (j^^Lu (jj-__j LjjJI 

4 1 1 nl 1 u _^__ tgj j^"j ->jjj_-u 1 43 jj_l>-j 4ul jt U> * 4 t\ -g mij 4 o -r 1 > (jL__j^/1 

^j-jo C_jj-~J 4_L_u1j J_fl jl tSj j-3 jj L__Jl (j__ul «J _nJjLj 4u*}L_ ^jja 4 jln -•- 

j-__ j_J_JLj IjLA <-1jj (j-a_oj ,___j_>.f 4__jjt 1 U *1 *4 L-JJLC 4_jJ_ju>- ol Jj__L-s 
LjJL_*Ij t J_- (jjj (j_« j_iJ L^jL-C CjJUj jj_a _M Cj J_2Uj 1 nK*4 tJpL>JI 4-_jJ__C 

l4l_ 1 11 Lb* Ijj ^-jJI 5j___Jlj t4 Uj 1 11 1 L$jf 

*L_i1 jLUJjjJI ->JU_ ^j-4 l_JjJ__-J CuLjJ J_L_-_-_a L-_ -UjJ _p1 lu1_u-_>JL_- 

(_-__Jj i(j_j»j JLc. _l___ l_jI__>. L$jl_> j jjSJI LjJI ^iSj^ J--l-> **jj "i i -> juwjjj 

t*>JL>.|jJ 3jL>.lj l^t 070 (jl < s \ Ac L 1 tt > (jj iSLll I AJ flf _-_4 L_4 l^nhM 
L>° - ^ J^-^-L* 1 ----lB J* in'i L_j) JL_t_-__J- I t _ 1 _ t 0 _ l_U jJLJa - lj) 
U J1 ^cwua -_ Ji-L ___! Lj_->J1 (j_C (\-r JLa 4_ii_.j )4__ (_--1jjJI LjJl ^j->- 
jl t^Lll ^j-ii J-Jj-A jla jL-C (_--* 1 fl ?j t j 4^ o 1 11 (j__ L___t-Jl_? VI j-_> L» j j K11 
1 j___j .(ji__JI (j_4 3j j K 4_xij_T (__-_ Sjjl ^j-2. l__-_jJI__ __j _____!! (j___t-j Jj-Jaj Lo_i 

j_J_>J1 1 jL-> J t _-J _-_JI L-ll 'j?-*l (jl ^JjJ-j 1 < 1 1 ^*l (_y-J1 ^L_-J Vl (j-O J_*-.l fr(j-_- 

^jt innj I w *i % jj 4__-_l t"i a ^jSo (jl JuV /0— V LjJI (j-- 1 JL>- j_j-i___JI 
<Urt 111 5 iiUi a jj£_3 , J__j____J1 (_gjl o j^[*1 < ij^j-HI j jtC ^j_i-l 4_cujJ__j 1 ^ j fl 
4 jU r l-^J j_>Lu 4-ULiJI l_j1 jj >JI (jrLJj tj j j<t1 LjjJI j > C 4 j alj-lJLl LjjJI 
4-jjI j 0 j < LuljL_>.j 1 Ufi *°t (J-luJ _/L>JI (jl (jy-L-u l.i ^ B i___-J— >J I j j 1 t "H 
(___5 4j_3 j-cj t(jlj_j>. j>s 4jj_>- _>j*J 4__3*>_Jt_> (Jj_>-I tL-_l I $ K I J 1 4 j <i jj-f- J 
4 (jjj tj t mijj _j 11 gcu 4u ^L£j t4Jj->- JJ-U La J--U jA___« djuGj tdljjJI 
l4__jj__j ^aj _yaj tJrL>JI J__-_ <_-__- 5j U j mi U ^jjJI l-uIj>- JL>t 


j *m\\ i J| LaI tj i n ^TL>J1 4_}l JU ^Jj-9 CjljUJJ-U! j^J (J^JLA j_)Ljj JL>-jj 

ji cjM 1 m i aj olj n -r o < J-«-i-j ^aj <Regulatory elements 4 ^h;U 

*Lq±tJl L_bj->.l oL-jL-JI a -JLAj * 4 m i - M _u_. j J j -uJ I ^--Lc jr_>Jl jruu CjlUinla 

■ «j * "1 1 |>i Vi i.n (_-__! 1 cjIjj^I j* t>> cy* Genetic Markers cjLo^ * < 
jl 1 o ^ j jujLja jru*J1 Jj-c uy* u^>Jl j>c >-,-r Jlj 

L__" . CjI JlujJJI j_4 CjI j mi r J-jJ-O j^i l^i n tj jj£^ ^yjJI oLljL__-JI i>-JL_b l_3jju 
1 JLA jjJ j-*-3 iCjL_j_>JL ^MjlJI 4JL_- (^Js ltl>J' J-i- <j-L-c 4 o <j a L^jl 
4_J1 JjnUI JLJJL>J1 j intH ^-3 _j->J 1 j-l-ljuJ! 4 jU tl puhn CjJ-rtJ jj JuL-lll 

.-j-l-J jl £jLlU *lj_ui jrL>JI Ijla 

jja CjLLo j-i-taj 4Jjl_> jJLu \ $ i rt t i fl i jjL-L- L_tLu_>JI JljLl j| _j_jj_jl1J jjaj 
Lol ( JLclj-LJI jja £jj 4jl-l__j _>->.V1 ^j-a-L-Jlj t (jLc1j^J| --Ijj! ^jjo) oljL-ujjJI 

Ja>JI ^j-A l. . i ■ uj j-_]_> I jl jrt-> JJ-J i J-_lj__J1 j_a -;j) (jr^it^ ^-l*- 3 j^H 3 U-jJ-»? 

^Jc LLjjuI j-ubjj Lu_lju 4jJI JLs> L_*_Lj iDuchene muscle dystrophy __!.;-, -U 

a\ \ ~* rf uj3j_jljJ1 m^! t(3^" ^Jol La ^.lc l-_jjl_JJ 4jL«JJ * n (J_iL__>. 

jrujL 4j}L_ (jrL> jru>J1 (jjic lj3j-juJI ^jU" . uj jrtij>LJ1 ^ j^Js dJJjJ .^Luj 
jyv Jj-> jjjLiwaj CjLs}Lc LuJbj 4jJI jSUj Hjlj=,Ij^J1 j_i5 ^jj L-kJi ^Lsj 
^jjkj t 4i jl"^ 4_.jJi.1j fr1jL^-1 ^pJI JiljJl ^JJ-u-o 4-U Jji-tJ JjJU>Jl MgJ » Ijj jjJLjhj 

jjLljL-JI <?jujJ JLLoj . L-^Jj-j-. ^jj^- ^-jJI cjL_j->J1 J5> ^ 4_uLj jjSu jlSo CjLjuLjj 
( 2j_j_l, 3jujl>. 4jjls_j1 ^r^a TATATA 13 Ll Ljj TAAT oLj 4_J-_.I1 cjljLujjiJlj 

j_- t j_> j^c ^LjjJI oJoLalj i4-;i_iL>. Ijj->ai Cmj; j i4__Ll_x. 4ujuj___j 4-iJ jj_4j LV__J_ 
VI I uic Laj .^l_-C.Vl 4J9jjlI cL*i-JI JjIc j-4 La l!uJL C____l.tj i4\-L-_>Jl 

.CjLujkJI 4jJ L_j£C ^iajjj (LjjJI lj_oj l__u_> ^1t"'i jl 

j-U-oLcSM jC IjUAJ i4-Uj_C ^ jl Ul . n1 L£ J-jL-Jl (4-llj. ^ LjJl ^(JjJ>- j| 

jjUlj V (jnjrtiU ^^Jl l-LA i|»j>Li j- | j n . l l ^ jj-G ^_jJ| t L__?1jjlJ1j ^LjJIj 
jl J-l-S jjl j .yjj i4_Jl u^JLj ji JL)V 4-La \ \ j JL Jjj j^__S t 1jL)l 1 JUl 4_jl_La 

.^jjjl 4_iL_U c_j_j cJLIa Jaj t V ^i Jji-jJL 4J -r om.j.i, jL£ jl ^jjj t J>.ju 
jjLi- ^3 4-«>L_- ^j-i ji juV ^jt-S- *L>. IjU- iJjL.. ^Luyu jl 4 jlr 

(-Jl-oj ji < . . y j Ji-JU ___-J jySJj lP--^ ji ^jl^" ' ' "J 4_iL ^ j i ^-3 4__J_>J1 

<____ (jj^Jl 4j 4 i .i flj C-J-jJl ^-JBj i4___u j-C ud jJ t Jljl-uj 4_uj_b -cj-ojjj 4JLel U ) 


Lv_i (jJLLA j-jL_J1 _)L_-1__JI L_UjJ Vj 4j t-j^j >L_ 'SjLjJI ( rj ,,m _>JI (-j-c 
^lCj ^-lc 4 Uj < <i i <~f lm jl 4 jU r _-Aj - Jj_> jJL 4J ^ .11 La Ijjj .31 jjjl ^Ja 

<_-_■ ^ i n o j <GLa -^jJwi £j-_j cjI^j! j}L_1 _-JJ £___>_ _-4-5 *tjJJ jl^ jjl_u L^jI 

iLLst^ _AJL3_-i_i 4_ij^JLJI 4jj£JI aJJb _-JJ J-i-aj (_-__- _-!__ ^jL V 4_ajjJ_> 

_>Ij ^Jj^-i JJJe^JJ 'LJ-^^SiJ lW-^J"^ lSJJ--' gl Mitll __L>ljJ "i n"i _■ • _£jj- *L___u 
__JJ _ 4-_C L_Cj _ I jLoLo 4 uaJu \ -rj 4l-r t"i i ii a 4-*^* 5jLiVlj !M-1>- j-* _)__" 
L__j! ^-jjL-aj jru^Lj 4jJ-__ j_4 J-ljJjl _-__ _-Lil1 LjjJI *.,jj__>. __<- urU__~ jL_Lia 
4_La _,<;- nj jl JLjjj _£__!! tj_-JH J>L <t tll ^j__>Jl 4J -tmi -I _L__j Sl__j__>. 
4__jL_J1 _A->J I j_j_uu ^jU I" CjI ij-ljjj £-* j-iljJI I j__ 1 1 -r " J 1 j, \ lr . 4 " 3c 1 1 r> a 

tf j>-^ J 6 ^JJ 4 j"tjjj_>. _-__ 4 jj t 4 L_)l Jjl _-L-* __£» j_A_- _M IJU-J - i_jr1_>jl Jj->- 

__£• 4 B JUj 4__JL_wj (____l_jj t4 mi _j t ,t ij ~JjJ 4_Cj___ _-3j t4j__j0j___JI ^JjJj 
4jjl UU 4JL_ujJl J_j-=*J jj-J Jj__jJI LjJI ^jJtj jujlLc . J j___jJ1 LjjJI 3jj___ 
jj_*_ij (_;j_JI tL-ijlUU jrOjjjJI _-JJ ^>-j__i Oi^ t^jjLj "ij i iJI ____ --jL>JI __!! 

M_t-ci_>. I 5 j ') I LLajjjj (jj^_ (^-l^- JL^jj c-_j'v _uj 4 jU r 4J __J_»o jj^Ju jl 
4 rtjUjJI jj-u 4-tj 1UU <UL_jJI <Lcj-J I n i U j .4j>j J^-£l __!__ 4"n jUj ^jjj 
L£>.jL>. jl L^jI- 4-L>Jl JJ-lj Lol t JjLull jrujjjJI Ijuk L^J f>aj ^-lll AjjIUU 
tjl ^ ii jj^ .5_UJL_JI Jl__j>J1 L^Liw (jja j->-I ^JJ j>-a 4_j1>. (___ Lajj L^L>Jl jrij 
4-_o L>JI 4_6_ajJ_. <- i———>* J-:L_3 J£^ t 4__iL_ 4_cj__j ___ l_jJL_-j fiL_> I j_A jl JjJ3l 
^jjj JU_i_>Jl j! _Ui_. I_IJ_ i _V»jV ___ t--JL5tJ 4jI (jJjJLI i4j 4 Uj-nII 4 \ j Jlj 
_)_5jVl 4-3 1 i n U jljL__4 u; I tL-Ajj LjJI ^j^ jLL^jlj ^ jj jl a io • __JI^_>. 

.4111 (jj j 1 11 Jj-U Jj--> l-Lj-i jiin miIIj 

< t ' j ^jj 1 j jjSL (jl L_4_l_-.j juV Lr^JI Jjl-_J __jl_4_JI _-LlU jryjj— J1 I j__ 

(jjjj _j n jUj JL>- 4___ ^JLLj «— _j__w i ij^jJLll l_LA (___» JJjL ^lj * -r j -e irtj ^jl 1» 
^j-jI U_JJL> — I j-~> jl cr^J — * L^Jjj — Jl 1 j--> _)Li Jj___Jlj .(j_sjJ.I j_LLj |«j 
jJj! U_JJj-J1 uJI^ jl j' t4 -jUjJI cb-* L-ijil-JLlj M t jjUll __lc 3JL-Ij ljLo-j 
_-JL_JLj ^jl 1 n JJ_- 4_j_j£jj (jl Jj__ (jx LjJ^j L__' jl n. i-rj L-C 4JjJ_5 l_iL-4_1j 

J_* «4 g jl.„ j-jc (jj<__ l__j_-_ L^j J_*jll 4 njUjJI ^ujLJ FoIding 4_tL <UL__- 
_ u_3jj_> _ _1j1 jujjj j-j-Lj _-]_ L_a»L_iI jLL>. l_1LL_> jl _?j--- _j i * j V Jj-5J1 Lla 

i jrL>J1 _y- Lh*^-* o njn-sJl J_-*JI j' (_>' *(J_Li>-ll 


(j^->J LjL^j I \ a ^j^Su JLfl (__-dJ-sjJI (jrGjj-JI <jl 4_J1 3jL__.VL jjJujJIj 
jflht fl ^j\ 4 n j n -nJI (j-J3j *U_ L> - -J- 4 ^L^j I tt U!i£- * JL_>1j 

(jAJw ^j^o ^Jl^l 4 ft--wjjj 1 ~»_*L (jjS— L^dOjUa-jj ^L_ail 4__>JLJI L_j___pjj-_J1 
I JL__ LJ -tj_bjj L__> . l_jI Lij>J 1 (_--3 JU--_4-_J1 <j-4 I Jjj-* ^ ri irtj Lq_4 4 Jl>Ij 

(j-d 4jJ__>iJ __-) (__JL__JLjJ i L-> Jj— _L4J (jnj t II ^J Uw < n" V L_bJL_>J 4_-J->JI ^jl 

^_J3 I Jj^ 4jL> (jIm *j Vlj tL_jLu_>J1 ^jys ^u^j^-jM J^aJU _j' < ■ i SteJ l_J____l>. 
-r t n*i I (_-__t I ~ Jfl > I j I 4 t j <j 1j *4__lL_4->- J I (JJj-3 J->a ^jfv_J jjl 4j1r j l 4Jj-__. 

(_j <i t^c-Aj j r £_-»j (j-aJU ^(j i *~i t i J__lL-_uj ( j___uLjj 
VI ___-> Lo L__A J_->_jVI 3j__ <jj ,4jlVlJ ^JjVl 3L____JI JLLa L_*j^_>.j L_*jjj-> 
L_£j n "ij <_--J1 jjlnlll ^jya 4_-JL-JI 4__>jjJ1 ^.JLc Jjlj (_----j * 4_j___l-Jo j 3 j__5 
t^jnt n Lg uaj-J oLu_>JI (jr\j j_jI__J1j J__.L_-_jJ1 4_>-j J J_j jlj 1 i^L-___VI 
LajI r ^-ii-. _-JJj Jjj L_bj_--il JL___jljj LAjjI jIj * J t n*> <_-__» l~-__uL__Ljj 

.jj]___J1 ,<_____ 

j>L-w--JI ^jj m.1,1 JM_> o-* -jJI ai.,,1,,, jj» fr L^___iVI jlju jV1 I ; <Jr 

l_i1 *m *»J1 jt CjLjjjJLI j-L-t ^jjT «LjyJ .' ^ j»>u_->JI ~-jj mi *» ^g-l-uL u__jj__-J1 
j-Aj j 4_jjj__>o cJJl V • (__J1 j_> ^jl l-_jVI LjA__> ^j-A 4 jl JfC (____» -*Jij___>.jI1 

t^L_-J? 4_La ^j-4 j-lii I jJuj \ rtl t j jl_fC jj * jl-Ljju (jL-T La-4 Jis I 4 j i ii-llL 

JJL—C (j-4 J-_5 1 L— ll <j"jj_— Jl j*_yA J, V C LjjjJ ^j J*VJ L-flj i n L__! L-JJj ^---t «J 

(( JL>1j tjHJ> _hS jL_>lj (j^JJjJ )) Jj--U L_-uL-> (J--JI 4jj tr> i \\ (jlj ijJJ j tL_J_JjjJLl 

JL>lj [jrOjjj ^LijJ _-_3 (jrL>- ^j-4 jJ—*1 jJlj ~ miI < ~ i jJ i i n'4 1 1 ^l^nr» |»Ju £. Cuj 
e.j__w *rL-uJ ^-j. ^j-Lu (^jJI 4 i ii -u ^j-L>JI jl Lj__T 1 4jL-K*i a 4-LqL^ 4___-J_>j 
lJjL-uJ L_flj---_ (_$jJI 4 i 11 -U (j-L_*JI J-_fc i3 J JL_-c_>3 4 n jlr>j ^ j ^j-LJJjJ ^jyS J-4__b 
U-^JLh 1 L>i5-~* uJjLJIjJ _-£Jj-___, _jjju ^JJI j—>-l (jrOjjJ ^(_^3—> ^LljI 
(j! JLjj . Jj J?l (j-ujj-JI 4___J_>j (j__. LaL*j 4 ii 1" V a 4 iijhj 4J t < *i 1"1 ■> a j_i~J 
^jjj t Jl_>1j (jH_> ^jyo j__j 4_-«L_* 4 rtjUj JL>lj (jrjJjj_J Jj->-j j_l-u V IjL-t 

. 1 JL> jLii*3 ljL_ (jl_b 

4Jj ^ ■ n ^jja L_JJj jlj l_j1 ij ^JI t?Ju_b J ^ r 4__ujJ__J I ; n g jlj 1 <>K l_JJ-J 

jl ^.rtjlSj JL>J 4 y j "i\ j_Uj ^l (j__»l j_-iVl LiJJj -r^L-ij tL-jl m 7JL ^MjJI 

. -»JJ Jl> ^j_4 (jyDj-II (TJ^— - ^ ' *J *p jl ' Jl LA J ? , »-I 1 JL^J L_JJJL>. 3j__Jo 


CilLtaJU gUaJI 9 6^ciaJI UUaJI 

Mlj*lf ^fj*fct**fj__Jf 

jj^k ___ Lub < ii iii llj .«(ii mll £jLc j-a £jLc j <ii jj» ^LU-'! JjJij 

^Jg l__L_> jL- . jrL>J1 _-- Cj Jl_>_ 2jjj_j3 5j <iU jj* LjJLc. 4_-uiljjJI (j-jlj-jajJI 

5j— _.! j a j"u>J1 (jj^ <Exons cjLij_j>.j^_>JLj __>j__j Ls jl 5j ii __U (j_L_L_U 

0 j__ C-jLiC jlj tj__LI_ ^yjijj <j_>j_j- __1J uJJ j ^jl .(j-j ki a j j j ^ J ^ mi jj 
^-ill JjoLJLI <___ sj\ .LjJI <Un ... <_-_ jl 3j n m.IJ j j f jJoLll _-_ ujIj rtUll 

L$jl VI iLs j___ __JJ _>j_-J1 <_-_ jjp V L$jUa Jntrons __Ljjl>.jJ1 _,« tH m i 
___ l___1__" jj L_-»l .(jjuLJI j^-j ^-jIjjJI (j->l 1 "JL lJ_j-_j Lo (___ _Ujj ijJjl i»1 
_>_. 4jjj ,,,llj Promoter Ji___JL_ Regulatory elements 4 J__II JJ-LUI 

J <lj 4 L__J-_jJ_4 I Uj 1 _J jj^J JL_ JLv __!! L_U_ l£-JJ JL_L_ . jrL>JI j_- J I I tltl 

JL_vVl j-uC. ^-«AljJ jjI 4J jj£j 4JL>J1 dJL_ ___j i JL_w! 4j j t inj jl jjj (jji 
j_j__ La Jj_>- LaLj jJ-w-J 4JL_V 4_j___j__ _>_>! j-_l Jj^i- _-JJ l£JjJ L* 

j j 1 1 "1 II « iit ir> __!1 l_U_ (_;jJ_j_3 L_j 1 11 -r a \ U j i iu ^LL> jj_j jl_j < J_jU> 4 

4j jrUjjJ J_Hj (^JL-JLj t Jj_i_jJI Ljj j___ 3 jl 0 r _-_ 4_3jJ1 ^JLC jt .(_-_j_*Jt 
jyoj jj__J1 jrUj^aU (___j_dj j_3__. (__JJ I j__* ^JjJ JL_j .4____Lj 4 Uj i n t Cj1_Jj_*. 
-jI jU r (___ <-Jjl Mi a j j f jrjJjj-_JI I JL_ jjSLj J__j -^-jIjJ j^>j->a (__JJ ^_ 
^jLmj (___ jrUJj-JJ (^iijUjJl i U -sJl I JJt j o j 4 i4jj__j^. jl 4jj j v 4_ul g j^j-U 
tfJL_ lLijjj jrt___JI ^lj-J --^ 4j| VJ t4jj_>_ll 4_Lx_ (__1J j La_JI l___j jl jjJ (jj* 

.^") ) lj__| 5_Luj ^__ J___ Jj>- (ya j^U"i t 4la_il JL>>Vl (__JJ 3j_U_Jt 
Jjjjj LjJI <nij^>- Jj-3 ljI jJiL ^j-t- __a L I t . j a ^ j I» ill jru 3j>-JIj 

l__5L_>-I ju^Lo Sj iii r (j-4 jjiTl jsej JL>-JJ 4jJ Jj_) JJ3j i4j}L_- __j|j____ J^ ntj 
3jL>| j SjLjJjj Jl L-j-u (> l 4-->j"*t J|J>-JI ^j-- jl -J-uL-JI aJJt JJJJJ ♦ j1j--Vl jrt^ 
JLi-jl ji (-___>. 4 t- j "i 'i j? LjjJI jja CjI t iLl-J p jUn SjLc^j 4_>>ljJ jl ^j-i-ly 
j_u_« f-j->- l>-*-- jl lJ__L___J 4 ^ j*l ) jl LjjJI (___ L jl_L (__I1 jjiTl jl 3jLjJj_ 
L^cjI^-I-JI dJ-A ^qJ_j_4 jl J__*J1 j i n-v. j)jaj «^JJ **• — ijJJ JjaL>Jl ^ti inll jyl 

Intergenic regions LjJI j_j» Sj n __ll j j r jLLII ^ <_jj-j»_ J^ jj» Litt 
i_jj-_JIj -jjl_*j jl_ I_4_ji I j j "< £ ji L__jI J_->J1 j-j-j- jj»j Jntrons ^-ij 

3j_L__ 4-«iL__ l-iIj j i"i II ^JLA jj jJ-L) »1 olall Jjl_>, L-a i4__-1j 0-__jJj jy*Jt 
^-JLjJLj iL_jjj__JI jJLll (___ Ljj-t_» jru>Jl l-jj-__j i-_j__i La JL>J 3jjL_t_«j 4 ^ 


*Lj i . , 1 ii 1 1 ^y^oj^ Lloj m v 1 4 i j t a CjLLI j "i ^.1 JlJw^ (^AjjJJ jjj-j>_ jL^Loj 
L_ul t~i ft.V Vi i»i . Lq_£j 4__oL>JI J j m ri 1 1 (___} ljBj t i m I 4-» if*-Ajj-Cj i nll 

Markers4_uljjJI l-jU-_JjJI ^ _ Lj-_il L*£- l_jLjL_-_J1 *_jlaj olj liUII ols-&> 
j_i-jjj i L^Jj-c j cjLu^>JI ^Ic __aj t"Uj iSj-iJlj i, . mJJI cj^Lw oLjiiy Genetic 

t *il"iV * ^3 jj U~i T 1 jjjj 5jgj ^ 3 JljLs I j Liajlj i Lo "*_____ (_-__ 4 j i b j^a L_J*^f L- 
4 > CjJl_>J ^l _____ JiLo 3 j j ■ < Jjl j JLjkjj 4jI Jl_u 4_lj>JI l_jL_jL__1 

4JL_>. ^ L_4__. ^L-^I U V . ,r> ^jLc J.,„ «kjM L>Uw ^ *LJj-. J£ Jj i^ >J 

^ (j^ujil jl^L c,j^ Down syndrome ^jJLll ^j-cj uruL-aJLI V ,^,Vl 

■ j t rt 1 1 (4j ij^jj jl 4-OJLC 5j nUH 4^cjj ( , n-_, Irjt jn-w jl I^Uta -»Lj*}_*k 
l_jL_jj>JI ^jjj I J-^n. j j JJLC C (jnV miTI I jub Jj 4_Ls jJJj L_4 t Y ^ ^j 
(^-lc Lkljj ^^Jjl (j_slj_cVl __J_> (j-a jJJJJS t 4jjlUa j j r, 4-jjbLloI l___jU_>j ^Utj 
5jJLaJ (j7i j t II ^j U"i i ii j (jyJjt i U gnV i"i 1 1 I JlA ijLj3 t . i j-r, tll Lal ♦ Ly JjtjLll (j-ajj_4 
l__jL__>I 4iiu 4 _t _JLi_w (jl j jr . 4jL^jJI I *jfW o IjSL^a 4jj_- jl£> (jjj 4jjj_L 
t ij nVi CjIj rtUII (jri»j Jl^jjjS i ^gj i , 1 1 1 jj j o "II 4 n < r> ^^Jsj M (j i n ri > CjIj dlajl 
(jjiLjj^ li Tl < rtj I" (jLaj 4 — j . j >-I l-*j V l 4ISJ (Jj Ju_) (3^_C 

^jJI j~Ls o^^i uj J uwjdj^" v i '°J Cystic fibrosis ^jL^^jj^JI 

t Ja^uj-jUI (jA-ijVl j > Jl (j^j-^ Jjj (^yi-L^ < ,j i^>j Thalassemia -r A\ 

) ) LSLjj^al ^jjj « 'J'^J ^yije-UI f*jJl j-i- (JH=»J-^J 

^t^hll ^Lrii 

4-jui Vlj 4-jjLojSJI -IjJLI Jj^» tplj nUtl ^ 0 uj 5j j ' £ 4j mj JjjI jC w1->.jj 

t ^i^lj (^jjjljJI ^LL^yij 4 j r ,,,rtMll jj-3 4jL-iVlj j^l 4 t 4_LjjII 
Jjalj_l l£JLa (jl j j j r 1 fj* j 1 ■< ii jfl ^ j-^jJ jj Jl (j^jjwLJI naj (jf Jljj .^jjJJI 
4 1 ,1 ii ) Jj--JI J-^Ij Jy» JJJJ JjiIj-C (j^-Aj )(ln->J I (^ CjIj riUII — jjJljkJ 4 j 1 11 ri i 
4 \ j jjl (jja 4Jj_jk jjJlj Li (juiKt *tl VI (^ Lo j-^aVl 4 n j n ^ ^ t-uL^ <j|j 

^JJ-_L>. JjO (__*3 4"lTlr^ ^ JL-CJ ijri^JI L-_JjJ_j (__!} I jufc Lu J JJLJ Jj3j *4j 4 Uj-fcJ, I 

^j-J j-*-T (jrlj (jnT- _j (jjo L4J 4jI ^j , mVI * rtl" V"> JLB 4 j 1 ,1 n\ JjoIjjlJ (j-_it__Jl 
< a <j^jJ ^jj-: ^ ' flj flU ^JjJI l-uI^jw (_;JL^-I (j-A lJjjj i(jrJj>JI L-jj-jJ (__3 lj-3? L^J 

. 4_ujju f<u j-cj 4 1 <iT j (jriL>J I 


jtUj? l*uJ IjjJI t/jj-jw < r j uaj 11 Cj I j n ln 1 1 ^Jojl^o (jLj3 ^£.1 JSLjuj 
< n r I i "> 4 jU r (jUs iL_5jj_*_>3 j_-b 1 . 4 V i n*i jt LjjJl t n r I i *Vi 4 j U r 
3jVj 4 iUr i*4jLjuJ* 4 j t i ^ j 5 V n t a 4 jU r 4_iL>Jl ^-jS LjJI sJL>=>* 

tfSl\ *<jjj>JI ^yS SLLtui JJJ>-J ^jja JuV 3jVjJI oju* («jj ^-SJj . JuJL>- *L$jj>- 
3Ljj>JI <>jVj 4 jU t*4 • JJu>Jl ujJj>JI I j-ujj \ jfl T\ j j lin juJL-C 4_JjVJI jSu* 

LjjJI *(jjj>* tjl * LjjJI c^jj^. >U aJa <jJi-Jj 4_1S" 4jJjVJI jLST j-$j 4 jU r \# t , t <\\ 

^_jj3 (___£ jj* I u-JJ <jl J-lJS JLjV^ t L-Uj-au 4 jU * 11 d jub lJ ju?r ~i j j-a j->-T 
CjIjj^I JST j^>u <jl lj-JJJ>* Ljjjj>. JlL> ^JbJ 0^jLji_JI /jrtjJu a 7JI 4j"lj.l -y. 
Juj • 4_jjIjj *\ U-^l jj_i j_ij 4 jtj iV> 3jVj jjjo jl Lbl i ur j t 3jVjJJ 4u»j*}UI 
<(Jj *n j **S J< mi ■ ^J-J ^-jljjJI ^j-^JI lIiIj^J (*ilr> t a fj\ 
CjIujjjj^uJI j? oLajjjV 1 j j ^ -*u jl ♦ 4— al <Wjj l^Jw-Jujj lu3JLj>.j tJc-uljj 
i4jjJjVl LujJ jjSu ,j! iLouj>.j ( juV lulcL-a-JI 4 j U r JUc lAjubIjj ^j^UI 

4__ub1 ^-JjCJ 3jjj>-j-« (Jju>»Vl L-tL>>l j~i -w*^lj L_jLajjjVl ->juk ^M^- <j j5Lj jt J 
lu*_jj-j>JI oIjLlLo 4jMj jjo j \ <? LjjJ jJ*JJ ^ uui ...VI 
5 LuJ* LoLcj 4\J-jLL-4 4 V i n i irt$ L-^jjVj ^-Jl 4_J_>JI ^L_L>u ^-JJI 4jjLjjJI 
jf lj3ju>- < ? 1 1 n J fj\ lu3jju>J! ^j-45 ^oju-*-j>JI j ~r Jl I jufc j^j-lll ^ya j-ojl 

5^-Sjlj JL-w I Jut> (j-^Jl S Jujj jl jjiu 
iL-n^Lu-LjJ! 4 j I f\ r Ju£. LtJjj>.j (Jjjj t?\\\ oLijjjVI _>juk jl ^jLJI ^j-aj 
j-uaJj 4_ua_->. (j^. ^j ^j-5j L^Ji ^^Luslj ^uiusjJ CjI jU ii |*J-Sj 

jJJlJI JJ^. G (^) Jl ^JUCLUI jl L_£ljU>JI jJwlj ^LLa .4 t iiiLj U i .f nLUI 

^-JLJ f*J t^jjjj * j ii) C ((J-") Jl ^ L^ jJ! ^ < ii J^jJI ^>jJI J-4UO ^J-J L$J L-j-A JUJ 
j-C ^JJ ^j-u-»jll ljufc (jl ^Jju j! JjVj .4jj3 "UcajljJ Lt_>3 Lt^JdlJjuJ jjvT (<jjjl 
I4J G (^) Jl J (<ujJl lu>J C (^j-o) *>Lj_4J3 .jn m stuJI 4_*_3 ^--9 oLjjj^j jjj-L 
(^Jd (<-jj 3jU^> Jj> .^Jl . . . j-jvI (j^aL-i. (^jjjl 4j JoujJlj i< nl*i V a j— >-l (*jjjf 
4_J_C (j-u-ojJll jjJLuo (j-4 ^jjJj JUlj VI L£jJj Vj >l i j r luJLjj i^Ljj iJ^LTj 

.4JJI jLti-- |cju t 4iJI 
(jiutj (jl VI .4 j -^LlII 4-j.jJlj ^-JLlJI (j-a-ua-it-JI Ijub J^ j-a ^jJI l^j 
^^Aj *4u>.j J_*_bl ^jlc LjU uojull L4U t ) ^LuaJI (jJ3 LLjj>-] J 1^1 aj OL4jjjVI 
J3.JU LLj>.| (^^3 . luj-La ^jJ3lj jjuSu UjjJj3 Jjj- < . 1 ... I I jjSu 


jj^ ^Ju^ 


CjJl___j Ij 4_)Lo_M i 1 . t j i b JLiS (jj-O dJJjj *4j Li-__Li>a <j--aJ (j_Lo _-Jj Lo 

La LJLc. L_L_> Sjn LaJI j 3 j-_1d L_A 4l< mtjj i4K m, a l_iJl____S t 4l_b! ^jJJ j^a^l 

.(j-»j-~ _-JI ajjJo (jJJiJJ Ji^- Lg-Lo £_Lu 
4_aLo_- *L__1 - J i^titi lj__ jl LLqJ_- 1 jl oLojj_jVl £,'vg i jjJ3jJ l__j__« Lul V] 
JjLfl jjfc Lo L$j_aj «___j_>. i h)\ 4jLo J_> __fl 3 Juxi j 3j-<5 __»J -r.j _ LjjJI < nf Luaj 
£jJI I ju_j *3j-XL £jL__VI jl t m "ilt JjL-A j*j-C j-* -~° L_-**_t £jL___>}LJ 
jc__uj 4 jl nr J}L>. JL>Jj 1 U-- 4 n ii n __jL5tJ _ ^j^r irntt JjL_JI j_iii - j_i_w, Vl 
___) ^__3t_J 3j_u-£ J*lj_- tllLlA (jl __JI SjL__Vl (j_o JLjVj .L_flj_>. (jrtJ^Lo 3j___c 
4_j_4j_t ____j_uj . L-_j_i-___>- JL_t_o I _!__ ^jiijl __l_.1 ____fl jl i ii 2-1 1 4 jl n r J J ' n 

4jim^JI L}L>J1 ___< c_jj_>. Ijl L^jT fj] i__jjj Vj Jjjjj L^jl ___ L__j1 3j__J_J1 

<'")J -v l_l Lal *Jj->- _-Jj J_->- iy* J n "i n j _JjjJ ___j-_uj (4 injj-JI jl (j_4-j_>JI) 
3j a.Ult 4-uLg_JI 4 j "i 1 1 1 _)j_o Loj n r j .__jjj V __3j___fl 4j_w m -sJi LjL>JI (_-__ 

L_9j__i LLojLo 4__wjL__ ^j-o joV _>-»jJLI Ij-Aj *L_ljj L_oj_- ^jj-L jl_j *Lo j*U_- 

Ory>JI _-_■ J_L>JI £>Lc j-t> ^-jIjjJI (j__j__o_J ^>Lc J__-_fllj 4___Ju 4j1 i i , ,i - 

.L_)L_JJ>JL J-iL-JI -__flj jA I JL^3 L_UjJ 1 Jjjn.U 

_)] VI i(jL___jV1 ( . r j i r>j (_--jljJ (J^J- 43 1 — sVT 4 i ii q V Ljj^-_Lj J->jj 4jI _L_ij 
■ Urt (_-3ljJ (J-sj-jo <___]-* 3j_aU_JI O-Ll-sJI 4_Bj__-_a (j_o VI I j xS> n jj pJ »1 «ilt.11 

Jj___J 3j j "i 5» _^L_j_L_jj JjL___j (3_j--> (j-=- j-J-JL (__Uj ^jj .(jVI _____>. 

^-Lc L-flj t "II _-_fl O_o J V "i i ii I ___JI JyJoJl olUb (j_oj . t g fi j Li j CjI i j -^tl 
L^ jjjajj. jatlj 4-mIjjJI J_uIj_>JI iL^Jjx. Ij-o-l ftu t L^ t^l jjo _UJL>Jj oLLl^JI 

4_4_1jjJl (J-oI^-O- 1 ! (j-0 J (ji-- <—flj t "i \ \ ___J 4_jjIjjJI l_jI o HlljJI <"i o, I Vll lll 

. Lj-Jli fj\ ^i-j^ Lo£ Lo 4j_sLc. _-_. jt Jjj>» __JI Jjj>. jj^ L^-utjLUj 


Ljt LjAiT J3l jO_» _j_Wj>J-ilt . \ 

4-_l__ L_>_ij V I CjI . <ijj j n II JL-Lo l-jLl-iJj j rttl (j-o 4 jj t a ^Ijj I |_Lv V" ml 

_jL-_jj j rttij Adenoviruses 4jjjUiJI l-.L--.jj j _J1 __Jj <jRetroviruses 
4_w>L1 jljJLI (j_->J-j ^-___*JLI ___. J_-_*3 L4-U o_v ^j Lentiviruses 4j ....utl 

,(n J____J1 jJ_J1) ( ^ v) j____>JI_ T ]l 


j>-^ l£*^ 


CiULjadb gli-dl 9 '<L*-taJ1 UUaJI 



_P* 


^JUJLI jHjJLj J^->- Jl£j (j»_jj^_JI ^jj-yill 4j_IjjJI SjUI 

fjjj ■»> j-- l*j— > j mj fj jJl t^JLall ^jru^JLj ^jj. j n H Jj g ~»o (Jtajlj ( \ \ ) J*C miTI 
.^j-ajjJJ i > in^y ^yJj l_JJ_ JL__> j_< Jj t d T I JI_>ol J^>d i"m % tj-ijjj-iJ I 

jL-ioJ ^gj atJ *u^Jj -i^Lll ^jm -w ^j_a Lj-^>- L^>J1 \'jJt I I n J L_4 JL-AJ 

^JJ! JiiJ! £>L^>J jl jJLI L>UJI jt , i ,, l? .tl _j__ii_j-* ^j>+--JI 

( t ' J ' ^ J I o ij-> 4_j I (_-Jfcj t O L___jj-x_J! (___> 4 jir»L>. ^-L: (jj__>.LJ! 1 1 <i"f Ij . Lgj 
jjl j_<a J£ J iTt i njj t4 il^ <____ nj t tjj» Ljj>» ^ ii^t j 4jL_3 i JjL-JI 4 j!V 

i?U J |flinii jj ^JLj l^ia jjfc ^ < m n n 4_A_>J I rl n I 4 i J ^J . 4 j se 1 1 ^ l, 4 jl>JI 
t(j-^Jj j nll 4_) J <i sc-ll (j^LaJl l JU^ . 4__J_>JI ^jij >. J>-l-> < nf I <^ "mj 

^ m i J c__j-__! U^^^i ! J-A <-Q M _$J J ! *Lxj!jjJI -*-_ULI j-4 Uj^J>* ^j <^>t (Js^^J 
l 0 "jr ! .4_Lo 4jjltnt,! 4 rt jUjJl (j£jjj ^_3j-__ ^JLJLj i4_jJ_>J1 J_-lj (w__cL___jj 

(j^jj-j-UI Jj-4 jt Tropism ^Lt^j^L l__3j_*j 4_u__*L>. <_-_-_. L-oj? jj_1>.lj_JI 
Jj j in (^j-Lc L_J__ I jL_ i La j j r ^jjj j-a Lj^L>J! (j_« uy»-^ £j-> 4_)L___l ja j 

L>_->- t «j inj Vj JL_j_x_ 1 j 1 « < ij 1 r>j V (^-jLjJI JL__vJI (j^jjj-b <jj JL_U1 
<Uii 4 JLlSJI L>L>. 4jLj-£>I ^ u r.i^ViTI (jJaj Lx_4_3 t >l_Lo 4 jKII jt < ilnll 

< «j<r>j V (^jJI jJoVI (j^jj-i^ «-JJjlSj t v.n-s!l (j-3 ^jS-l LM_w jjj j-4 

c_-JJa L2jL_Lj_>. (______ IjJ ^jlUlin M__ .»1 iJa-j-J! j»jJ! L>L>. ^j-a lijt a L__.jj VI 

JLcL-j JL_i_5 I jj . LjLk ^j-4 ^jJSo i?j_Suj ( 1 -h" l_4J>u (_y4B tOL__ujj-j__Jl 

_»jj_c (jjj (j-« 4_JI (jjjjj-j-UI JL__jl jIjJLI l-£) JLgJ! jujljkj (^ Lr^j-^LJl *__Uj 

(____>j CjL-uJj j <i II ^il^t a (_-J_ (j^jJ>-l 4 j ir>L>. __JL__b jl VJ . 4Jj ^ 1 nj <__j J5Cj 

^■1 1.1 n*iV! (_.___. 3jjl_JI L^J ^\ LjiLiJI (jjt (_jL__jJI ^ l-*c.jjj Jj-4j L4-I 


»jr \?M7fc,jl*ll 


___JI jl ij-1 . 4_Lil_5 L*>L>JI £j£. V t"n")J J-ijJ L^jl IjLA ^'t 0*^ Ijlj 0*1 i mL 

^-l.l V j ...Lj £*>L_jJI jl I JUk (jJji o a . M "< a jJLI L*>L_i- J-L-a ^ . m n n *V 

jijj <j-o 1 $ m ii L*>L>. I jj miio <j j£Lj -Ja j-<_u cjLu_?c1J J_jL_* cjL-_jjj-j__JI 
jt JjUJI 4oLx JJ-.b S(iLi£Lj u*j>JI J-«-c 4jjjLi-o ^JI 4jaL-_VL I ____ ^j-s-^l 

.^Lc. J-L__j ^^--jjJLI j*J*j> ^ ^rj-r ,^|| £-*>LVI 4 jUr 4-9 j ^JLCJ i(j--JjJLI 

Liposomes OU^j^cJJi- T 

i(j-U_*JL SljJLl J-i_>»J L-4_£ ^JL-JJ <j-\_>JL) Jj->J '(jj-AjJI ^j-A _jLjjj_>. (j-Aj 

.p Y J_L_JI jJ-JI) tj^jjil tni->> L*>L_- ^l L_jLijj^>JI * jla JL_o1 (Jjjkj 

-^- ■ ■ j ■ » U I 


^JL-il jrj^JI 

.^-bjjll -___> __Ij 4JL>_I jIjII l£->JLj ^o-^jjUI Jj.« Vi o^j ( Y) JSL-JI 

Cell Therapy b^i-r 

l_jJl3_-jj , \ i u^Jl £J ccLoitll Jjnr J JLj_> JjljJ L*jIj 3 jtj jtnll _-JI -OjjJI 
___JI 4JlLJLj J i m ^J_-_ jl JjL> aV>t i mj jj_ ^j-c 4_j_4 (j-ojl nljj 4 im<ii __JJ 
<j£Jj i4__jJ v— i V ~r "i j _ya J__Ji_5 ^j-u-jJ 4_JJ J-l-ojJ (j\ __UjJ 4 \\ i nj j^jj>J i 1 fl o (j n j 
- 4_JI 4_Lo *t_*j___j 4_JI Jj-ujI t4___JL>.j 4__v_»Jj 4_4 j _ya jj- ^j-o 4_Jl J-_ujl 

■ v 1.17JI L>L> V"< m.1 __i- jjj^nj lj->-ljj t&L JJI j_i___l Io^j ._L*>L>. 4_Jj 
Fibroblasts jlUJI Lj*>L~ ji Lymphocytes 4jjL_1*-JJ! L*>L>JI Jiu t 4j_>JI 
4_JI 4->.!}LI jljjl j_->Jl L$j__ J-*o!j t 4j| j a .,1 jJl __>j__-l L>L>JI ^,'v ^ 

-JLA <"'J fl > J j 1" >JL1 (_--3 L_J J (_^j_>.j ,CjLqj— _uj j-J II j! _jL_uJj j n Tl 4J____I jj 

3jj!_? L*>L>. c_J_-_Ij r.o.u n*)1j tju^JI J>.l j c-jjIUU o_->JL 4j_4_>JL1 L*>L>JI 



-j'V_?lb £L__H 9 _^j_*JI UUaJI 


L*>L>J1 *JL_> __JL_i__! i,\ tny)\ ___ 4JL_v.jJ jljll (J_-*J1 _y» 4 V ,„*i _)-_*_>_ 
- -JLst__J _jLVjJL JL>jj 4_t __JI SjL-i^I {jA JLjVj ._>_aJjJLI JLui> __J1 _JJj Jju 
_>-~ n-tJj lll jjJo l1_>o <JLjLLjj>JIj £5L_J ^UjLt-- 1 0 * l^jj^oj L> _ 3_j_i_- 
_ysj . 4-j_>Jl J m -»J1 L}L>. (JJjJ-> j>£- Cjj_>- 4jjLt_.fi *) A * i_j^_oj La I g iii 

t__)j_ij L *jJL__b _)_£ 4-j_*JI L*>L>JI (3jjj-> l/^jsJ! J-L-J 4JjL-e-o "i A * _ju 

J_-l_ __JJ u^^- 1 J--£ 4 j r j >J1 5 oikJI 1 g j 3 O *J V 1 „,1 4jjL*__« V 


Genetically Modified stem cells U-tt_j 3J _-_u wu_,jl>j< a.gyi - 1 

Lj < t *ij ~aJ LjljJ LgJjJLJ <4 tC. Jl>JI L*>L>JI Jl>L -J3j i i) (j__jjJLI _j_s 
4 jr „'\ >Jl L*>L>JI i)jL_b ^>_oj_-j ^cj <_>_-jjJL1 __JJ 4l_j jljJLI j^JI JL>_1 4jln r 
^ t( ji-jjil jl___> __J1 4JI_-_I jl jJLI cj^dJ 4JLL>JI -jL-jj jnH Luljj 4Jjl_JLI 

L$jj JJLjJI 3jj_£ ^ 1 i^l _-"->■ f_-_- ijj j >" 1 1 Ji-lj 4Jjul11 L*>L>JI dj__ __ui_j 

._>_xjjJLI __JJ j-jjq_*JI jLu (*j h_jjIUU _r>>JI _y* * 


l^tj$U_*fbtt-Jf*t>M 

__J1 jJLJLI _rj_>JI Jji^jj ___ Luljj 4JjljJLI L}L>JI ^lj yi.nl 4_Lj__ jj*"- 

: c _j_'L _ > __jjJLI jluj> Jj-b 
t j ■-> ^JLI ^ (JLh?-J 4Jj-*JLI L>L>JI J_Jj ^J _ta_>JI JL>oJ 4 jU r _jl _ 

J__L__j LnST *4_J_*JI __JJ tj->Jl Jj->- J-_- jl ^L>u 4___ljj 4jU r J 0 1 uj LlAj 

, l__jj£. _jjj j_c ______ _r_>JI dj jj-l ___Ji L*>L>J1 jL__-l ___ 

_JH_>JI L^j ___JI L>L>JI 0 JL_» Jjlj?_j LlLI jj iLjIjj L>L>JI 4j?__cjj 4jj ^ » n _ 
___ ^__5t_dJ jl t4jJ3 (_jj£,jJLI __>.*>__JI lTUJjjJI _)-* 4_j_lL_r CjIj J__Ij i^Ji tll 

jLlj 1 0 ^*>L_JI 4jlr L_ 3jLj __JL_lLj t^JL_LI (j-ujj^JI jtLjI _»j"i < n ^j Jjj_o 

4 j >>L_JI SjLLl 1 yi 4_iijjJ-j 4Jj t U L>L>JI ^JUb 4_J*__><3 jj _ 

plUr L -JJj ^c_jj i^ilTntl 3jj— -__« cjIj "1 __j__Therapeutic agent 
V jl Jo tj Therapeutic transgene Jj ILll £>L_JI oru> Jjl_*o 4 m « a 4jjj! 

.4jwL>JIj *__1__JI l-___> Jaju 


*±c.iaJr&±laJI 


*U*JL gUdt 2*f tt_f LUilt f1 t_i_f *l, 

Lfljj V "t < nj tj—jwLJI <"iU -w (j-UI t<J_-j "»J1 4_lL>JI CjIj j<i a ^l_>! (jja 

*self- renewing I ^ ,,. _j juju>J ^-i-. 4 jl ^tl oj__ 3j_jl_ '(j^j-JJ J^U pL__j_£ 

(jrt->JI JJ-^>-J pl o <^> <<£ _>*J ' i V i 'i 7JI (_-- ^i-jljJI L_>_j_>-j j\ 4 iX ^jJL HL)j 
. j 1 u^JI __J1 4_uIj 4JL>_1 SjLcl (^JI 4_>-L>Jl ^JlC j tjljo^MiLi ^L__U 
£>LjJI 4 'l -Ul 4 jl^ll L_^_iJ9 r, aJ V " ,„1 <___!! _>__! j_~ -I j__jfl _ysj 

L<1__' . LbjJCJ ( j_-_jLJLIj j-l'j _*JL_llj j»jJI __ LLU j_l-j JjjO i(jl__j__J1 J_A _jLi_L>jLj 

«CIY» JU-l miTI (____LiU jj-J-Jl (J^J—* J"' * (j-alj-al £^L__1 _,__ 1 injt Oa.l V" i nl 

j-ij^ o^J-* ---j^j ^ severe combined immunodeficiency disease 
Fabry disease^jjl-e j^j^ t Fanconi anemia _;Lj__.L_J1 L-^lj Gaucher's 

Leukocyte adhesion *l________j__J1 ^jJI olj-LJ ^l <^ ~<tV! 0 nn ;ll l_U_L__j 

ja jj>Ij _n_>. ___ JL>. _ya £___ 2l__jL_JI (j__ilj^Vl ^-_-«->j ( deficiency (LAD) 

^j-sj-o ^iLc ___ 4 if,'l ->JI L^LJkJI r._l V "1 iJ I injl . Lkjj-^la (j_c Jj * imU 

.HIV-1 jjjyi 

^l^jl eiuat ^ ^o^-d umii ^'-*jt u^tt 

i^j v __JJ (j_L->JI J-U t__j 1 l-ojj *U_c_ jj*JI L^L>JI £jjj? g-a J V" ■ n" 
: L$i~ ^1,.f Vi,,.VI _-_3 4jni..>Vl L$J Lcl jjl JJLLA ^jSU ^(jiaJjJLl ,!■■■> 4J _Ijj 

Hematopoietic stem cell (HSC) ^ UM-ij V« 2ll_c JL>Jt SL^uyt . i 

Siumtl U JfjJ ifUWin<y) 4jlinV) ^3 ^Ujl-ill ^ij _,_e ^J-Sj 
oU^JL _M-JI __. f_jJJ 4 i(m <U 4_4_cj_>Jt LjM>JI JjiiHnl cjL__-wI 

(Jj__>_j <> J J^-Jja (jr^ i Jv___u_>Jl ^ya _ 1 j i <<i*t - 1 ^jlr JjjL-X>Jl 4J J ^ l ,) -S 
J_l__>JI ^ J3_>-jJL1 ^-jJI (___) j! ((jp^LJJ ^l Utll ^--ij j 4jj_cjJl SjJjJI 
(_,___ ^-Ja L-_jj___wj SjJU ^j-^a f«-CjJ1 (__1-1J .Sj^jJI ^"n t JL___>LJ (Jj mJI 
(JJl \ 0 _ ^ • J£ _-_i3 ^jJJ 4_jj_Lo 4 j r J_>. 3j_>.1j 4j_L>. 4j JLjw^j jj 4 ^L__J1 
tjH 3 (<- * J^-ii ^ J ^ ' Lij^?H 4__iL>JI dj__ 

J___>o (jl J-*J 4__-i Cj j_i- ! _$jJI jji-JjJLl __J1 4_j_jIj 3j-_>j jLjlj ^qj ij-_j___>JLl 

.^"^gJLdl o^JL 


j>~ 


Cil7 J? IL gU_JI 9 6^cSa)I Ull-JI 

fj j_i __Jj Jj--__J1 j *L1_jJ1 __L- r jJJ 4^ jjJLl -_^_. j-_*JI L>UJ1 *jj__ _r 
_j <i <— _j n> __J_JLj t_)L_La J_* ^-3 3j Mi*iitlj 4 ___>JL1 ^ jJI L5L__ _j_a Sjujlc 

ajl mi"iiI Lu_j1 _j n ifi'i Jj i JL___>J1 ___■ -JL-JLl Jj n j 1 1 (jr^>JI ->J->-J >Urt fl (j-uJ 

. 4_J_4 Ij") 1 1 J m— >J I * L>. j I _— - 
4n1l Va J^lj^ jlj-_-_-V1 _-1c SjJ__I1 1_$jjJ ^jJJ 4____J -_^j_>Jl Lj^UJI _V 

i^L __-_j Homing 3jjjJI ___* -__cjJL -isj-u <f__>L>. l_L_Uj L$jl VI ( jl__>JI _y» 

^ni^ __*_> J_J J__>Vl ___ _>-La1 _--J i L^j jlj rt" < nV1j Lgj£ ^L-JJ 4 mia _>_*Ls_ 

t LymphNodes 4jjL_ J11 jlIaJIj JL__Jlj j &[£ »1 .1 _>-_*-> 4JL ^ ^U-jJI 

LgJ Lo ^M-CJ i I JjJ->_ c _____ _"! a JLA __Ij Jjj_Dj1I djL-Upo 4-__j_6 LjjJ ^jjSo _JLjJLj 

. Metabolic errors _>_jVI ___ JL>JI __VU _>_--jj ju-JI _>_>1j-«i J_u . Jii_ _>* 

Myoblast Muscle - forming -j>L-_-)i LMiJ i___ixi ^Luljl^i b}UJ i - 

■stem cell 

^n^ - ^J-J 4lj_UI ^j_>JI L}L>J| JL_j . 4_j- J j-Vl _>* 4_ul_JI 4j3jJI ^t-J 
jjo n L}L_ __Aj .^'^ mh-kJI JiJ_ _-JJ 4j>JLlII <_jI mttII J-L-T ^ 1 Vm .."t j Jjuu 
4_oL___-J| i__LJ Vl jjs _L_*_Vl __ic iL _i____JI g-j MiiTI ___■ £jj_ L_-L-_- t L^jJL_u 

.4jJa ______ _£jJI __L__jJI g-j M.iH <___ _)_j-Jlj ^-Ij-U^l ____ L^jjj-a lj__j ^4___pJI 

_jL_ i4_t-j ua r L}L__j __il_Jlj 4jj_cJ 4_j__jL _J____j __Lu__J1 ^ j i nlll I JLA j? Luj 

SjjjJI __JI Jj_X_>jJI (____ 3jJ__Jl 4J _)J-0 U_lj__i Jj _lll (J___>Jt (jA j-LJI ^jiJjj-JI 

l-uJJ 4jj_UI 4_uijL>J1 L>UJ_3 _dJjJ .3L i.mll LMJJI ^JI cjJJj^j 4jj_.jJ1 
(J _>1j-4lj ( Muscle dystrophy __L_a_JI J-_>JI : _^ 3j_J_? L__l j-^l jJL_3 l__ij__v 
jj__J1 ( Neurodegenerative diseases u . ,n J1 J>L_*jVI _>_>( j_-ai J___* _jj-_>l 
1 j o /^yij t _)Ll-j mJIj t Inherited hormone deficiencies ^jjjJLI __Jj___j_^J1 

, L-j_t_.j ( _;ju_JI j _;jl_JI J___J1 j LLi-j-iJ^JIj 

Neural stem cells a_u___ji a__- jL»ji U5L>Jt 

cL-Jiljj 4JjL_U1 4 ■ CA y\\ L>L_>JI ^ 4__JUJ1 4_uJjJL1 ^Ljj 

jlLo L>L_>JI * j__ ( jj__-LJ! ^ i V; ,„1 jl_j ijJL-JLI _n_a_iJ J^L_> ^jl_*____jj 
(Gliomas 2L_j_-jjJ1 Lj^L_>JI _jLL j___. 0 0 ,„j ^jj ^^i-^Lj t jJLI jli_>^__y 


4 y i n'iVl ^ya 4_Lc jj^ jjl mm*iI i . i j ( n \ -JJjj i^*>l_»J! < it m- 4 rtjrt-sJl (__Ja jAj 
"*l^_X_>J! LM^JI JjJL-u (j-a Ij o"> (j-JL>-LJI j)1 VI .4j 4 Uj-»J1 3qj1m.II 
(jOj^j-jJI I J.A 4 4 t j t a Cj\ fi m lj Ljjjjjj £-L_j Lfej 1 1 -*» j <Ljj1jj 4-j-j m 1 1 1 
Lr^! ^JJ^ Jj - t , V mi ^ll £jL> (j_a 0 Utj ^L-u j j r *lj_S j-a , t -»» "i j 
^Jj->- JL_-j . 1 fl1"rt j*3 (jL__>j-__J1 L*>L>. £w0 JLStJJ 0jj JU M^jJI i< Uj mm U^JJjJ 

£_« * (jl i m>!vU 4_jj|joj-i_uJI jJLI Lj*Li*j ("<i "i "w. l_)jL>J (jlj-ls ^Lst_-ii (_-__» I j_A 
4 ■ pL-ul j-jLij c_ l*a * LjjIjj 4Jjl_JI 4 j j m _JI 4_l-_ _l_>J1 LjA_>J1 

. (w) t A * ^Jl cJ_-__j 1jl>- 4_JLt 

Bone- rorming stem cell (Osteoblast) ft_-_mJtb!^.tj^ 

ji ^L____JI ^-J. ^jjj^ O- 45 j-ajJI 4-__J_f La ^>L___y (jp_>.LJ! L_jV^L*_fl ^ 

Cm >t iL-uljj ^llntll L}L>J 4 timlj <_^___>J1 4-oi-kJl JjJ^jujj 1j_*1_- ijj « 
^ja 3 i ii l i^U L^L>J1 aJJt I j t . n j t^lTntll j-4-J j__.L-5-_- J-4JU L_Ljjjjj £-Lo 

cJ>ol j 0 mi JLAJJ .dJUjL_*Jl ^LLjJl L_J^L>. J— 4J ^ \c JL-C.I inj (j__>L>. i U i nj 

3 JUJl_> Lol Inr j! lj_JL_>jja t jL__ (_.-_) 4jj£__il 3juJL_>Jl 4 jn tritll L}L>JI _>j A 

,( W ) lcJjSu JL9 

;*?($_f J_f *U*lb C^ll <*ft 4_piii_iJt ^tMikit 

JL__>ol (j^o 4 rtjj^Jaj L.E ( Shields j tlj ■» (j-SL*"- Y* • * ^L_JI <_,__ 
jrt_>JL 4_U>JLIj Luljj 4JjLti1j Retroviruses *i^L>JjV1 l_j__^jj__l_J1 
Jo_>J1 s L_,j ^ oli-i ^l 4^-__j__>JI L>L_>JI ^JJ _ ^JLUI 

JL>.jVI 4 jl of Cjj^>- Jl£)j . ^\ i ii n*iVI 3 JU Jl-1 4 j m i-w- L*>L>. (j-Jbj * (jj^J-_t_LJ 
jj_a 4 n~t in <\ 4 j.CJL>- L>L>> l_£-J_ lj-a l V"i i ul ^^jJ I l_1_j jj_c 3«Lo_vj^ 4Jj^ i nj 

4L1> 4-_JL LM-i- (____- ^--Jlj t 3jVjJI (j-jjjlj*. JL__UV ^j-_JI J_l>JI pLoj 
Jj-___oj (j_-jj_i__JI (jt ^ Jju Lo-4 . 2L_t-u_>J I L^L_>JL "*LjL_JL ^L_u_a_V1 
4±AJti jl SjjL 4JJLJ1 (_-____ ^L______jVI 5 j j".< 4 jmi>H 4 ,x;tl LjjL>JI 

^ 1 iThn 1 ^jjs j_j_Li_JI (^JI ^jjj_>-I C >y_r-.L < "i t*^j ^L-ill -»_JUk . ^-1 Mi I 
(^-jljjJI J_i_>J1 ^>L_- (___3 J^L>JI (j_* 5 jj_->.Ul 4 j r JL_>J1 L>L_>JI tfju-> 

.('"^ " 0) 3_iVjJ1 Jj_. 1( *_-.jJI ^ ^jlU 4jjfUI L>L->JI ^ jj^jII 


CiH^aJL ^LLaJlg ILiclaJI ULL-JI 


^ *tiut a^iteJt uit| i.i.iiiii a»§ i«iftif ^ u ji_» 

Marina Cavazzana UljLii? LLjjLo 3jj___?jJI r,K <u T- • • ^_L__J1 _-_i _ 
__--L_JLI jj-JI -aXl ^jl.n 11 u^-1 J-->oJ _y> iL_-jj__i -calvo 

X-linked sever combined U ___'J u ___i j __JL Ja jjjJLI _1 >J1 

4_u ^__ U-~ jJLL Oruil * jglnU 1 ^htll _-__> __J1 immunodeficiency 
jjl o " o! ju ^htll ^-iLj L^L_- _/_* l_U_j .^ Ai ^ _-__.l_lll L«__j_4-w ^__5 _j___>u 
4_4_vL$-« ^yic c_L r ___JI 4 m < n VI U L}L>J1 _>x 4jL__L- ____-*_ __£J jj UTj 

4j_)L__I 4_3__i_j ^-^JJ JL-i (j-ol <^> 1,1 _j_L___JI JL_-I _jl VI . oL-jj jnHj Lj j 1 1 1 
4j_jJl>JL1 4_*_j__ __J1 i(___JL>. __lll 4^___jV1 i>JU_ _>____JI Ij-C Jl_j !_jL_-j__JL> 

i^j^_JI J-l>J! _ya 4_JLJ1 4_i_c. jw>JI 4_aL>JI _-j!jjJ! ^ljj-JI ^_a 4jjUMI 
jl___-I J_3 4jL_J_J1 ^j ) j ___i tj_->JI JL-L_I 4j1 *r u \ __JJ j->V! ^t Jl lj*cj 
IjU L__> _)_4 J . Sj__l_ 4u C_jJL>. ^cj _y«j _)LLaj , u 11 ^ iCj (_>*___- La (jr^->- L-i-UjJ 
^jJJ 4_j__U Ul_J 4___L_~ 4jJLJI 4^_L>Jl 4_iL>Jl ^ljLi-j ,.,1 ___* .'Km.j _j^n Jl 
3jJl_Lo j___1 _-_- __U1 4ji .il>Jl 4_i__ JL>J| L>UJLj LjJI V TnJ J___JsVl _vo 4_lj 

.4JJLJI __U_ jya oLl>JIj j-M-JJ 1 rtj<"i j_fij 4_Jj->__j 
_-ic 5jJl__II L^jjJ _>_aJ 4__JLJI 4 j r j_>JI Ij!vL_>JI _)l _)j _ ^LJI J->-j - 
i'<<i inft*)1 jJ _-_>- 4Jjj1_ 3jl1 L^li-I- u *J7*I1 J--J.I (____. J_»I__>J1 jl 4jj1j 0" 1 ii*- 1 ! 

3jjl_J! L^jjJJa 4-l-JL>J1 4^j_>JI L>L>J1 Ll )a L>L> JiijjUj jl 

j-Lill _)_- I fl j b La _-__; 4J__al_>JI _____ 4 , ,1 n\ (___6jJ! ^j i4jjlj . -VI _-__; 

1_>_>jjJL1 3L>. 4jI_£j _-_>-j JuVl __JJ JjJLLll ^yl^JI 
Llaj t 4__il___j rtWI 3j_L _-ic *4_iJLJ1 4_icjl>JI L>L>JI j j «i :r> _ 

I *J 4 'U.' Lt-J^ i^JL-JLI (jH_>JLi 4.1,4 >vt 1 4j_>_)jJL1 Cj l i _ j j_uJ L L^JuLuol _yj JLaj 

j_Jsl jj_j I JLAj . L.I 1 11 _l j__Vl LM-kJI 4jL_! yJl 

_)_ij^j_-JLt L^jL)Ll_>1 4jIq r J g 1 .ij Lq_4 jjl 0T1J t ,i n T> __JI t4 jjj__*J1 4j_c j_>J I 

(j-_>J! ^jjo 4_i_iL_" 4 j Lgj Sj-AiC L5-JL _jl- 1" __5jj_j _-JI_JLij i^r_>Jlj Jx->J1 

Vii.il loii^ Ja-JJL) C-jj Lq I JLAj , L^j JUjill _-_w>LJI J t nll J_iljL_vV 
«:l__ii ____ jrUj-JJ _gj ,nll Jj jJI J-o 4 j'ji>J1 4 j r 'v jjl L>L_>J1 pl 0 Itll 
Cjj_>.j 4juj_j_j __ul_i 4_t_>JjJLI L_jl__ujj fc j__JL) U-uL-oj (j\ 1^JU>.J < I, .j"- « J_a->JI 


JJ^ J^^~^ 


J-lj>J1 j__i 4 jij',^11 4_^ j__»JI LMitU ^3 al.t V~ ij _ya j--£t 4_Jl_c ScLiSLi 
L>L-->JI 01 l^! ^ cr^ m.II Ij t >.jlj .5jVjJI J^jjl__- J____J ^j____JI 
_-_£. 4-JL-JI SjJL-JI L$J -_*_*jJI Jj__t Cjy^ll mtl Jj-^JI ^J (j_- 4 j r,*V >JI 

.4/1/1-*» <__Jlj L» L}L_- L$-V i^l ,..rt'iVI 
^Im^IL ^MjJI ^ *UJLJ1 f jJJ 4_LUUI 4-jcj__*JI LMJ-J! f lj V,,J _ 
Gene Silence urt_*JI i'k u <\ m'i 4 K Jl <i 1 L$__-jjJ_> <___• ^ , \U I -rj 
j-m j*jlSj 4jl l__i_- <4jULJI 4_^j->JI 4_J_-J1 LiLLJ ^-jIjjJ! ^jm^II J_-b 

(jc j xj *-J 1 £j k~i 1 nj *_j i____.>_u _jf gJL t U *--JL-*j 4-iJLjJI 4 jl-^Jl 

j_yoj 4j jJl (j-iLj u-U _-_jJjj-JI ( ij^jjJl ,_,-_ j j 4 t- j*n jJUjj <4 Ki 
jl VJ .jjLjj l__j___- 4 njlnjJI tjL_ j J *"* J-- L_t±_j_JI ^! jL-cj ( jJLjJLI l/l>JI 
4_^_L_*JI L>L>JI <___ L___j1 Jljwjj Jl-_ 4K inLI aJJb <j] IjjJ- j tj^L^LJ! <j_x_j 

("•-" w ) 5.:.-. r t l 

3j__aJ Ju__>J! (___) cL_-Jlj j-1 mnWI (_____ L^LiJI 5j--_ tj___wLJI (j-aJU ljj_ _ 
J_" <_-__ LjlLI 4__j_j9jJoJI 4j1 ^ill (____ Jl_vjj LjJI o^-JL-j» ^L__j (__JI t 4ljj__ 
(_-_j.L- _j_4-5-J L_>l jLaJj_i_JI Lpa ^Lj-J JJ*j) j-ajijJ (_jp iiij ^Lj-jJI I JLAj t^i 1 m 
^cjj-»L _-_j__j 4-1 (_^L_>. ^jjjj (_£j " 1 n a (j_il j n i 0_j_jxj (_^L__JJ i((_____i_-v__Jl 

jjjwjj t j^ajL'JI tL_j 4 jU r ^Oj jJI ^jjjyi jaj tTelomerase jlj-j-«jL_JI 

(_-J_- 3jjl__ 4 jl _JI oju- (jt Ly-^* lM- <4 jl^JI (_-_) 4_JL__ 4 j o< 1 ^jj_)Vl I JLb 
^ I 111 n'tVI (_-J__ 4 jiji-OI 4 jf JljJI 4-J_*Jl 3jJL_ j___ jj_ I JlAj iLojJ ^ I m n*iVI 
4j^j_>JI 4_lL>JI Ul . LaLoj JLc L$j ^jjjV! Ijub JoL-J ^j___uq (jj jj i^LiJlj 
a, rt ,nVitl L>L>JI ^ __J_4j ( f jJJ iiiUl 4_a__ j_>Jl 5_jI_-J| Jlc) 4JJLJI 

Jji-i L4J (_;jjj_j_-jl j"JI LjJI ^Ljj (__JLjJLj t JJJ9 L^j ^ujjyi I ju_ ^j "i i ti <t 4 
IjLs» .(j__jjJLl 1 1 11 (_-_* ^L-Jlj ^ 1 1 VI (_-_ L^jjjIj 0" 1 kI (jja jl%j L4-4 iL__jl 

_ _--ljjJ! (jr^i>^' ^gj" 1 11 U (jr-C - L_j___i j-ajJI Jjj^j (j__jjJL jt j^>miI Lj£._ 

)((j_ajL_Jl j-j Lj JjJoj 4J J_-Ju 
(__j_j t4 j c_b_?l ^--5 4jL__ 4 j i^Li-j j in n 4 jiji^-ll 4 j r ,'v >JI L*>L_>JI - 

4 jfji-*Jl 4_i__jL>JI 4-j1_JI 3jjl__- _-_.j «Pluripotency l_Ijjl_JI 3jJ_j 4j___>L>. 

I j_?j «j n >JLI _-_) _ Ljj__j _ 4 in irn V*i 1,1 L*>L>Jl ^IjjI -^j ^-Jl jjL*_JI (____. 
j! J-*J (jl UJ- (jH* 4jJ>-3 CjIj_1_J L_ulj ^>l 1 u njyij 1 ^ 1 uA) JUJL>-) (____. L^JjJL- 


Oli-sJlj glUJIj iLtc^JI UiaJI 

u __jL_x>. (jJ-J t J_o 

^_ 4^ jj>Jl 4_i_>Jl ^ L__j1j i4JtJLJl <jx.JL>JI 4al>J1 j-aljJJ V aj-tll 
dJJ__*__o t-OjJ t a 3jJL |>l mi rt*>_M ^yic iU ri S3 0J->L- ^-^g-- j-^JJj t(j;j-_JI J_j_>JI 
j^y>JLj | fl Ij ^ 4 j 1 a r. > . i »L-> V I jubj . uJJj JlLc ( riii"i I fl i n OJ ^j-A OiJJjU 
j i r Ij-Aj tM-Jjio ^JJL) _,J 4JL_>Jl t>J_4> <_-_i u^J>Jl ^jjC j j i t"fl (jl jl t^JL-U 
JJ_»JI ^j^ m"i s-j _--J1 4-LajJ,1 (j_->! j-a^l £>Lx. ___, L__j tljjl <_jjlUd 

. _>£-4_4 <" j JjL-.* I ln mi*i *>LaL__ 1 jrJJ>Jl *L_J ^-JJ l$J-» 

___* L^Lj-OJJJ L$j1 m" tn\ _>S_4J 4 J-jJ->J1 ^JL-gJl L*>L>. rjl jj " «_L J--_ - 

. Lul J 4_lSL 1 fljlf 4lS^L>JI j I4JL4 L}L>Jl <JjV}L_- _jja -UJLaJl Jjj-CJ ij-jlL>JLI 

_,j__ _IS*___ ^jJJ *_L____U 4^jj>JI -IJjkJI Ji* i-JJLJi 4jx. jj>JI L^UJI Ut 
.__1L>JI c-sjJI <___ J_»_M ____ 4lj^ "1 ,,, aj j-i^U _J. "LjjaL 1 ^jlr *U^L>JI 
J__i __9 4JJLJI 4-i_. j_>JI *LlL>JI ____ jl n"irVI j-jLC c-jLl-J f_Al j m «j l jj_j 

/"^t^JU __Jj -_Lu_*JI 

_>_- jt*&t J^-J JU___>JI (jA 4 j iji^tl 4j_& j_>Jl L>L>JI ____. Jj ir>*s1l - 

4___J1 L}U. jJju jl«_ c_jL_ .4JJLJ1 ^cj^JI L>UJi _____ Jj.n^ll 

jriti ^jjJjj tLujJaj (J__aL_*J1 L4>ajJ _-_! t*LajjVl _-_i 4jJ_-1jJ1 "LjJj>JI 

<:< 1 r< ( i<U L>L>J1 djub (^aJj ^cj ij-i-uJL^ L^j ^jjjjtj (^jJI L5L>J1 
L>Lj>JI L^i .4 ,;,;>JI a^cj^JI LMj>JI J.r. V> cJJjjj tj j" U1 

LMj>J! <>a 5jlj>.Ij 4JlJL 4 j l^ JLjwjj 4jI Luk LoSjS t4_iJLJI 4 jr Jlj>JI 
4 j1Vj t^Jj 4 jl^ lJjJI \ 0 ^ • J^ ^ ^LtuJI (^ ^ ^JlU 4jjjlll 

^jL^a LJ Jtjtbjj L4-4 t^jiaJI ^JLlL 4 jl^. ljJ( \ * • J^ ^ L^JJa 3juJ>.lj 
4 jlr j i L^L>Jl (jja JjL^JI (^ttSJI Ijjk (j-u (j^a 1 j n 11*1 \ jjj 1r Jjj-<aj>J1 4jjjljuo 
j Jd lm\ u m >ll ^>Ll]I ^ 4jij i->Jl *Lt-c.jlj>JI L*>L>JI ^lj Vi i-ul (jl_3 

,<LJ3 4JJLJI 4jjC.jL>J1 L>L>JI |>U»mJ 
LjjIjj JjULJJ i 4 g "m m" jl /jSLoj LjyjL) 4jiji*»JI 4_jX JL>JI L>L_*JI j j f\T\ _ 
udJj JLju \ V" i n" ^cj tSjJ-jj _ 4_JL j^! _ 4 inin>'i4 L>L>. __J I ^jLojj ^-lc- 
JLJ3 4 in m V,[J 4_JJLJI L>L_>J1 tJjUb jJ_3 jjj -CjI ij 7JL ^>L_J1 ___ 
5L___j_^JI L>Lj>J1 j-Aj ljj_>»j_ja L^jjjS-j jJLuX4 ^_1jL_4 u_ 3 j_>- >L_ iCjJuli 
4 jl VJi Jjj-po ^jU" __j _* L_f ^l t__jJL_*Jl ( . , ♦ u-J- (j___j_J1 La! t4 jiji^ll 


JX>j*-"l J^ ^JO^ 


-r j -y-tf> j j r CjL Ij-A ^jl jjj .4 "t^_JL_>- L*}L>. __JJ *UJLJI 4_^JL_>JI 

4 a i 1, 1 4_jJLiUI 1 4 « a _-_s Lanza Ijj*- __ tj_>jj jj_lf> jJI j__o <-,j . L*L_ 

(_--->' jl tj"--- jii l_j__ 0 " 1 1 1 4__jj-9j 4_j1 j_£ j *(j ' M J ' i*j---jL--La jj 4 jl>ll 

j,Vlj .j£-JLI ^m;?JI j>I-JI L^bwjlj 4JJLJI 4 ji^tl 4_*-4>j S-LJ _y_ 
Kevin E.(j-yLi^ uL»_1 *»jL___> __jL_jL__ ____ (3±>- u-*-*^ ^ * * 0 (--c 

4 jl^ t Somatic cell reprogramming ^jlU. 4 jl^ 4__>__4jj _oL__J ^ 

_£j___ I 4 jiji > 4 j r _-_>■ 4 jl^ __JJ 4 j ij i«>. 4 j c ___>. «LjJ_~ 4 U i hIjj t4_Jt_L 

^l Somatic nuclear transfer "LJJL 4 jlv Sljj J__j <j1 1 o < ._>ju_l__>. 
J^ljil __JI iLiJLJI 4jlVll ^lj^Ji ^L^JI jL_j <*L-__j Jh J1 ^jMjj-j ,„ 

4 y * itl < ■ < "w. 1 i^t l_ >j ^ljj (jLjJ j_j» __ljj__u __jJl_>. La 1jL_fej '(^J-^ 4_j < j j ->J I 

.3j j^n i l l (jiJjJ 

j."^U ^ *i-^_->JI 4 jm't-11 L>UJI 3_>JL_-« jt 4l~L_- ^jtVi ..n *_d_j£- 
L^ >JI _ij__> 4___ljjJ 3jl "ma 4L t «j Lbtl^j IJ-_g__ 1 1 ^La Jl j %-lj JLi_>.V 

- 4 j i j j y 1 1 4 j r JL>JI 4_±1_>J! _l»lj_i*_4 ^___l 3j_J.l _» ju_ (jj__J J_-ij - Lgjl m yj 

tji_>JI J-«_>- ^-3 4__^L>_> jl_- j t jj j r jt L_i_uj^_i_a (jL_* <Jj___ *Jj_L_JI 4___ljjJj 
^L__JJ (_gj " i ii a 4-Ja j ■ 4 ^j_A _____Loj Jj .iUfi q I j__fe (j-u-J . L}L>J1 __JJ ^JL-Jll 
Ul_> jJal j__j V j-j-LJLj i4_i 4l_w>J.I L>L>JI ajjt jjL-Cu jlo jJL-JLI (jojj-JI 

.5L-JLJI 4_uij^JI L>UJ1 ^ 

^ LjjIjJ 4Jj__t_Ll 4 jiji^U 4 j r ,'l gjl L--J>L>JI (jl -r in'j j i m. U-4 

^l ^j. i u_j>JI __JI 4^JL_dl c-Lj^-JJ J^L fr L__j_T LcLJ <____, LII LM^JI 

jLs l_JJj j_4j .LiJLJI 4 jr ,*l >Jl L^L>JI \"t \ 1 ^"'tjL-La JL_c I ^"iri^ C.ir yj 
_ SjjLuL* j j r j-J_JL (___. _-jJ1 - 4 j j j i ">J 1 4 j r Jl>J 1 <LJ_>J1 jl _^jj ^j-a L_JL__fc 
0__jJ1 J jJo j-c Jj__t_i_ JL__ (l_jIjJl__JI 3jJ3j 4 j i ^>L> (j— v« 4__j n" LL 4 y j "n 

L>L>JI (j-4 3juj___ ^ljjl (_-_-__ L^L>I_ (j£j_->J Teratomas ^LLLj-_u L^L- __JJ 

^Lj-js j^ i ntl (j__j— -i _yi (jJ-JjJJ ^*>L_i j__4 V JL_jj t 4 iJLJI (^l 4 m i n V " 1 1 

.( sv ) JjU. > _JIj*__, 

^jj L^jLc lj_x < < >o J_eilj_l jl Jc_jj___, -J->-J (j-« JljV j)L_t iL_Uj J>. I ^j-A 
_-_5 ^L-C J< nii 4_-JLJI L_-j m ,4 jiji>Jl 4 if,'l >Jl 4-_J_>Jl |_ I JL_*______ I 

.oLi^JL ^MjJI 


CjLuaJL g_dl 9 6ac-aJI UlaJI 


jl JaL>JI ^LcjJI ^o.^ij jIjlcJ 4 jUtj "iL-LlII 4jljjJlj 4-oL-jM 4J3jJtll _*l 

*>jll>. SU_j_->s L__j1j (t _^j^j__ jjx. jl L_«jjj__ (jlf> j-l-u Vector J3LJI 

. L>UJ1 (^JJ u*->Jl J-L jl JLiol 4-iUju 4_*Lj 
.^imrJI (___) 4J t__-_jl__Uj ^jli.ill <jL--U __-) Jj-uH Ury>JI 4o_*.jj (__!__ SjJl-JJ -Y 
1 -jL__JLl -rji.iitl j! jL-JL! (^JJ 4jj-_Jtt ^Jl>J! L>L>J1 4_i_>.j_ ^-lc 3jJL__U _X 
.4_>->Lc jljil l_jL__1I -fj...ill ^-JJ (jJ-l^JI _--*->--JI 4j-*-jj LiU 

(_-_>. >L-_JI ^j-Gjj—jJI jl 0 m ->JI (___>. >L___]t £-jJJU ^Lljl 4 jlfj c |f> j \rt \ "> _L 
l____±_o 4_j__ f__ ^JJI I_l__j *4Jjudl 4 j r *> -*JI 4 jt^ll (y_Therapeutic agent 

. (_^__JjJL! j .^i t tt i_j1j>-1j"i-wIj _j_Jj___J 
.jJLail utaj>JLi 4.1 4j_- _i_*JI L>Li-_J JL___>JI *"UjL_L-> ^jJLc <t ,U"JI «0 

^j-A »1 a It II -»j aU jjl-j Vl 0J_-> ^U. n JjJ-- 1 £(_r-"- J-^>- JJ V 4j? J n " r l 

(___5 ^LoJjrJI -L_*J I * $ a J i jjL_i_>J! _>Cj 4_^j— »JLl (j__ t-jjjjJI ^JJst-J "tL__lj-- 
4-j_5jjuj Jj->J1 ^jj m> mijj dljJI (jjl (jj_-»__u LhjL ^Jp3 l-jI i nf <j_~ ^4_ljjJ_» 

(___. 4_ioL>. __jL__jV1 jj-Lj (jj-u (_--JI J-jL1II ^jl^J *"u_**L_jM JjL>JI Ijt i>u ^-Jjjw 

..3j^ai ^j_>ji l>uji jl« 

■U-L JOH-J* 6JL-P J-*J 

-JjjJd l_j1j_-_J j m l, I ___, *L__Jl ___£. 3j_L_JI ^JLCJ CjIjJL__11 4jJj jL_t o _ 

J1*jj 4j_JLJ! 4-^_l>JI LM_>JI (__J9 4^ im ^.aj t 5 i^.r> V" - L>L>. ^JI ^jLcIII 
l-IJj Luoj .rt^ i^Ljlj^I! j^Vl £>L_- ^ L^al-i V" ,„1 |-La? LSjLlj Ljl->-J 

. JjjL o2j (^J! _$_>.*>__. (_-_. ^L-j>o (___JI 4-L-sjJk I 
4jL__>J (_____ t^JL_JLI tj_Li>JL iL«->JLI *L^L_>ojV! l-jL-^j^-l-JI SjJl-U ^ ju_ _ 
4-JLiJI Jl^a t J-i_->!j_lII ^L- J ___jVI (_-___, 4loL5. 3jjl_- L-^jjJ _>j*jJ (jr-JI L>L_>J! 
L^jjJ cjji-l oL__jj-_*J9 (j_c __4_fcjJL jj!l>.LJI ^La __UjJ .^jJJ 4-Lllll «U-i j_>J! 

£j\ j _JI Jl "i a <j-l 1.1 n'tVl 4l jl^ L>l kJI j?_L_b 4jI -0! 0 lc. SjJ -II 

jl HIV 4 ■ ... 1,1 4__-L_Lll (j___ij ^juijj j a 1 ^ loj Lentiviruses 4 j tll 


[&\ _l Adeno- associated viruses jjl-JJ 4_j->.1 <^U oL— jj j_JI 

___ 4jJLJI 4jr *V 7JI L!>L>J! jl __!) 1 ju_ £->-jJ Jl_j . juu L$-»*L>_ <". m"> 

*j__ j? £-__>1jJI j-^J jl .4JL~_e j if j 4^.111 j jf 4jLx ___ jj£j teL_j_1 l_11_ 
< m < j I LgJ ( n jS"*4 i^ i y n n j I < i>1 (JJ I t3l_j_>JI j ni i "t oLuLSj oL.-Jj j „J1 
(^jJI - ^-jljjJI I <j «J-LL- <Lii- )^ miiii V _;l J_G V 4j l^- tSL_>. l_$j _>_aJ 4_i_>. 
j>£L_j J-*L*w _ 4 ____ ^-jIjjJI (j-rjj-juaJI ^JaLLaJ < nj iriU jJ_ jj^u jl jJ-_Jtl jya 
(jl ipLLjl j 3Lls_LI 4 j-r a oL_jj j_^ LgJ jJu>._l <j-uJ I . < nr 1 irTn Vj ^ < u n n V 
LL_u_LI \$\, n*_lj LLLiu L_jj_£ 1 jl "V"j L^Lat "LJi- J_> __3 j*^> nVtj iS-r m 
j-4 ^j-ujJl i jjjj__j La_i 4__-<a i.l t i uJ J ji niTI jjLasj j>>» ^j-m-JI S*L_L» \ $\ i>i '^lj 
^Jfl> <j-J jl« - j jr jL-jl <_JL_ j jl S JUJ_>. j_~ 3L_>JI 4jj3 ujj _-->JI jjLscj 

ji_>JI JL_-_1 <_,« .ru udJjjj ojJjJI L}L_>J1 2*1 (.m _L t (_jL_^jj_i_JJI 
. f jJJ 2uj__U 4_JLJ1 *^-_>JI L>UJI __!! ^JHI J^-_ll 
^jJJ 4jjSLU 4-_JLJ1 *Li____>J1 LjL>JI JL> ^J jjj ^J jrd_*.LJI jl jl_u _ 

1 Q 1 * j L^jjjjI SjLjJ *L_jj_> Jjl__S?j tL^JJjjl jy» IjJujJJ L^o^ Ijjjjtj jl jj_ 
j-b _ <j-uj-U 1 m.-v. ^jjl 4JL__jJ jljJLl jry>JLj 4JU->JJ _jL_«jj-x_JI o j-^J 4jI jjv 
^j i uJ ^JLjJLjj (IjjJj jJ_J-__jj ^c-cu *i i" tj_t___4JJ jJlj__J L-jl t ~-j jl 

j! VI .^-jIjjJI 1 d o ^LL ^-la 4_u_>- £>L|j L^_l)L__>l j^_>JL J.» > >. U (j_jj_a-_JI 
Salk _Ltj__ jL4_wa __a _ 4jjl_4JI Jj_-_» VI Ij Inder Verma - Ljla jjjj jjj-"j 

4j_ ^l M.ni^l ^-L. (4_JUI ^!) ^JlLI 4____I1 2Lc ju>JI 4-lL>J1 l__- j? j_A j j__ 
4___o jLLa t 1_jj j j 4 "*> ^t-JI <> Juj__JI l_i I j jo U \ 1 n nj Jl_ I ju_ jj jj i3jjJ__w 

L*>L_>JI j-, j__-i £jj ^JJ Jj "II ^-ic L_^3jjl-_ ^j Plasticity SbjjJJI 

jl 4 i,4 ujI iV) (jjjjl ^j inill Lj*L_- ^jj j-_ < *i h V j Lq j i uj 4___-__-a__LI 
^—L. L^jjJL- ^-Jbj LgjjJ 4 o g - 4 j > f->L_w 1 1 a n" Luaj? 1 au JL_j . 4-Lo __*_>- 

_y_ L^JL- jl jLu Lojuc 3Lj_»JI 4__o1j_4j j-<mJ1 u L L^jjjJij <Lg___j juj_>u 

^-3 _)_> L-_> 4 4jj>-*>__ "L-oL__jl Jjj4j 4_ijL_>j__ 4_lL>- ^yjl Jj_*_j Jl_ j t( j_ujJ,l 

MarinaLljl n < LujLa 5jj " <jJI tjjj _JI (-_vLiU jj__JI (j^j-^ ^>L-c 

. L_j jj_ ___ Cavazzana -calvo 

4jj__U 4j_L>J1 dJLA jjj5_J l_^uj_-JI Jjk»-! ___ ^jIj Jjl>- 4_*j ^j-uJ 4jI JJLjj 

.j o*ii.ioj Jjal__Laj J-^-j J< mi ) __L^>JL £>LJ1 ^yS L^olj >" . «V ^ JlU 


CiUoAlb £U_JI 9 ^__>M bLL-JI 


<jj» Uj-__1 L__. ^jlU 4 ti^U 4__!1_J1 4_lc j_>JI Lj}L>J1 _jt j__j j_>J _l>_> - 

tj-L>Jl 1 Jub t(j__JjJL1 ^ j < n*i (____ £jjjj gJLnJLl j__>JL (j-L->* Jjjl^j jjt _l*jj 'ijL^ 
(jc j itj <j! ^ j t-Ti i oj V L__aL__» LLl>- ^-i.L3jj _^j-j>JL l-jI inj i^JLtJLl Jj niU 
("< o inli IjLA <j! jjj->.LJl j^Oj .^*>Lc *_/j 4_L* ^J_o (jOjjj *_* __JL_JLj t4 i .i <*n 
l-jL-^IjJ-IIj *4_ul L/y jlSj u II <__ 1 j I c 1 1 1 J CjIjj t"H 4_3r j "i i l_j Jl_*j jr^*-J l, -jAjJI 
j_jl_aJl j t Jj___ll (j-u>Jl 1Jl_p Jajj>JLI l-lj£jjJI (j_a j-uu (_-J-Mj -ui_*J1 (_-J_ 4_>oLJI 

S s " A * * V ^ SljjJI (jja 5j nniU l>ju»jVIj 4____J1 oLlLll-jJI l^jl^-I (___. jJLLa 

(jja l_JI_- I jj L*>L>JI 4JL4J (jiajjJLI >lni\ J___Jj 4_cL_-LI jj_j ^ 4 j jjvt JL>u _ 

. V ■ < ! 7 > H C-JJ J^JU^ JJL-_J_> (j| tjU" l ir lj *(_--l_ (_5 1 (j-ujJ ♦ 4__~ jj__jJj j—>*l jJL_-__-_a 

_-__ ^JJ*JLl-1 ___-_>- J£ j T i nj f»J-«J-=. -^L$-> Jj-_-jJI ___5 £->U (jjj .(j-_-JJ__ 

LjLl__-J l__Jj_C J£> (j-uJ 4_j I JLaj .^jI ( 1 irol_C L-_Jj__ JS» 4_>.j ,__3j .1 "it d J_> 4->.j 
(j-U ^ Jl_ JLSj cL>. (4j___>Jl Lljii! j jii 1 u l-l_j_C l_1L_4_ t L uaj t a l__jj__ j£t _><uJj 
< . ' «*- J 4jj_4 l__Lj}Lc j! l_jIjL_-I jl oLJST -Uj jl_i _Uj £_4j , j_pJl Lljj J£ 4jJLj 
4JlJl_JI 4 jr j y\\ L}L>J1 aJJb l__JL_* jL_ . jjsLj jj-^-Jajj J--_U (_-_-! ^JL__j j! 
3j-^ L_4 j-JL-OJ Jj-i-jJI JUC L-^jLb t4 ui ii) (j-_jjJLI (jja L-j j LLaJL I jjH_j>JL 4_U ^U 

jL_g_>Jl 1 4 J L- L_3j_JL_J (_J_J L-Ujj (L-fI -J-J.4-4 Jjl n 1 -Ij j! L_)ljL-_jJ (j-4 1 T Trn ■) 

jlj-*- J_v>oj 4_JJ o"i i*t L$ji L0L4J J__l_u L__Li_-j (j-l-jj 4jjg 1 n\ (j__jj_-JJ (_-___Ul 

( jj J__C. ~ljjj-« J-Lt- jlj-> jj-L Vl 4__L4_.I (jJJ 1 4*1 JJ _ 4__i_U JLlu_>JI 1 JlgJ jAjm 

t> j_A cJiLiC (jl Lol . Jj->.jJLj 4.-JLJI 4_j^ j_>JI L>L>JI .Jl^J jju J___J_ juj__cj 

^J V _____>JI ^J 4-^^LI l-jjIUI u_->JL 4__l_UI 4_-JLJl 4_lc:i_>JI 4jL>JI 

^jiu __ij___» i_jj_vj Ijl L4J J_*Jlj iC_JjI_-i IjJ L_J JjjJL_ 4-jjj-_- L^jl t .1 1 .171II 

Major Histocompatability proteins 4 r c_jVl Ji»1j__l 4 j ,„1 ,„Vl l__L-_uj > _J1 
|j| -Jl jj^_--JI l_Uj L_J JjjJIj ( aj_lLJI 4-xL>JI -j_a jj_L-j l_-j_L (MHC) 

. LcjIj L__uL_ jj£J l-_j-__ JjJl jp_ t4_ul_ _j_4 Jji-jJI C_JjL_- 

4u Vjj j___jj_- (jj_>- 4j_^b-j l___-LJI John Gearhart l_jjL_j-i_- jj_>> JjL>.j 
__Jl-_*j ^Lc J< rtt t 4__lcLII 3K.h olt VjL- j-l__j (jl JjL_> t 4_jiLjj-4Vl jJ>_jjji 

4 j C j->J \ L}L>J! JajU-y. (j-o j j j_- -L_lju_j (__ic |_gj" g-j l_Lj ^L-_JiJ (____ 5j£__JI 

Cj 1 i j" jj—J L 4 lo L_- _-)i lj SjL_c (_. Lc I g-La _____ J*_ (_gj_A j (j--Jlj (4__j_u__>JI 

_ l_jLloJ1 (Jl _ Lfr__J iMHC 4 -r in")Vl jrU l_3jLl_JI 4 jU -J 4-l___l>JLI 4_l_-,L__V1 


jj-- L^JJ^ 


jj l"i <i - LjjJLj _j_.L_1 J£ (jL_ ^LJLj t^jj*. Vl JojU^Jl J__>. J£ 4 o 
___ j'i ______ i La jiiJ^jo LjjJ (jjiv) jrj-*-3 ^j (j-^*J .(^L>JI lLLuJI I JLA (___> 

jL^Jw jJjLLiIj 4jl^U1 4 jiji?Jl 4j-C JljsJ! L}L>J1 jJj-J l_L_jJI jJjj io^ 

1 flt t aj i^j-aJj-A-T 4_j___L_LI 4 lLlIjhJI 4__cjl_>JI L>L>JI £>j__ Il^Lj (CJ .4_1cLU 
' ^lUtl jr^->JLi I^ti (CJ i4-ju^La 4_iJL 4 j r 'l -w L>L> __J1 L$jV$_3_j *Ljj1jj 
yJbj \ AJb jjs q m^ l (_-J| tjj-a- oUj »1 <J-a II _jl Jl-u J M * UT ) (J _^jj__ 4 JJ 1 fl ,Ut*iJ 

^j n >T Universal embryonic stem cell 4_jaL__ 4 ji j'<> 4 .r\> 4 jlv. -L_*j! 

.j_> 1 o ^ o 4_c.L_ll £^j _yi l-_^_- (jj-i ^J-oJell (jUtl t^y-Jo jJLl 
4l/>>rtU __Aj i4 j'ni>»M 4jr \ ->J1 L}L>JI _ys (_-jL 3 jjl aj__ ___j ijj>J JLskj 4_*j - 
cLW.1 _-_C L^jjJ-i) LAj-j-cj ^Jl |j___j 4_aL>Jl fl '«> .l_jL_j->JL ^>L-J1 ^ jVl __!>. 
lfllt jjLCJI J j-Lu---*! (__ic SjjJjsJJ j_j_j L^JjJJ3j i4_j__ju__*llj L>L>J1 £j y>\ J_lqjv 

L$]\i-_! jLic Teratomas ^-«'uj (jU_j-_- ^l J^*_u UjI L_>j___>> i_/l__ __1_ __J_ JS" 

JjJtJJ _J t4 jni-^TI 4a£. j_>Jl 4jL>J| oJl£> J\ LjjJj ^jJI U__ SjJLJI jloJl 
L^L_>Jl _yi 4 m m V* a 4 <i 1" V a £J>>Lj *^Lq-4 ^*jJ j\Aj iTefatOITiaS (jLUj__t-i 
lg*j<i> CjLj^JL £>LJI 4_tL_l J__*_j __£^l_ J_Jl__3 t 4ja___jVl j 
4__jJL>Jl |>1 J V "< <»l ^ 4 j j |,,J1 4U nill 4?J flj ^l i^i ^.^jl (jl ___>.l Vj 

^SUj ^UI L>L>JI j^.1 ^ Jj__JL L^jV _dJ_ ^>UJI ^ a.iji-sTI 4^. j_>JI 

---J-*- Oj J l>* (J-^_>^ - l Lr^! 'J? * ^ cT^-^' J^-^J 2 Lr- ^ <3-!^ r 1 0' 

cr- LLoLol j^U"> JL9 4^juL>. J_^L__o ^l (j_o 

j 1^1 i a J i ii" ■ * (jrL^' ^MjJI (_-£ 4 jr J >.TI 4_Jj>J! J irt"mi - (jL_ Uj-4__J 
l-j1j i "< V s ^-it (_Jj_Gj J-*-i l_3j___ 1 fljr L_» Jl_>o uj j j » 1 1 j_l_w>-J i4jL_JJ 

frL*i_J! cjLi n\y ^ Lj_j_bj L__L < ~ i ■ ) j l_jj__.La -c-j L_bj-_oj t j>j_L>JI (j__t_- Ul 

2LL__ll J^___t_JI jl Ia£ .5j_r_L_JI 4 jr j_>JI 4_xii-Jl j1j__wl jj_*gj __ii (j-C_>-LJIj 
. JL_u_*Jl frl irir 1 (JfC ^--i 5j\j__* L__»lj_«f 4_^j_>JI 4_J_*J1 ^JLtJ t nj^ LjjJ __3ij__ ) 



II 


(JjAP 4 j "wjL_>. Jaj t <^> 4 ge j *"< > __iJL_>_) 
3j /^L 1 -j .o j j r 4_djjJaj < . i j r n") Cil ij. v Jj-*- Ji") 
. V iii -vJI 4_c.LLs ^gj " i ii a (jJbLiic-jl^ oU-J->Jl 


(j\-J>- jjfc CjLLi >J I £jUb j J i*">! (j-4J 

^j-Sj^jJI CYP 17 « W 

^yl J* *J Lojjjl ^i ir^J (j-U>JI |jLjfc -j— 1^1 tJI 

l^jJlj t Jjj_jjjj_J1 (jjj Jjj " . . . j l j_Jl Jj>->u 
f*£.Ljj (_-_) J n i H j J iii 7JI tjrt-j JL_rwj_j djJJU 
(jrJ->.J . jc-II JaSLjij j-c J J — *J j ^ 3 t( j M A , V a 
^ t j 1 U 1 1 L4J V t a (jjC Jjj-aJjj£Jl 4 j 0 £ Cj jlj 
^jj tj (_-jJI 3j j"i^ 1 1 4_j_>-jL>J I Jaj i msJJ 4 *yj"M 
4_a-jjj ^_jjjl iLajj jjjjJLIj ^jOil j^jjJJLI I flj*3 

^JLjJI JLb L^SJa . 4_J_> c_j j U . >> I j ^Ut.n dJJjJ 

4 <v l__T C_t 4 i ii 1 jj » (j-J JUj Cjl « (jr-l U Jj Jl 

■ 'lliir ^ l^ijl p (j! Ar i.,^ Jj^HjJ^ Jj*^** ^ 

^ l^jl>3 lO-lUi 

3c 1 n *S lUii J_u ^Jj . « ^_djj_A 

(jja Ljj-Tj Lc_T - (jiiJl j-ujjJUJJ (jj=-LUI jlfr>JI ^-uj-jU 


^j^ 


\ } } > - _jj--j Jjj-±ijj->-fl (jl J_> _ 4__-.L_Uj 4 j r , _jl>J I 4_jJ_-JI J____5 

jl j->-V1 l frLa j£ Jt m.j c__±_- t^j^i- _l oLL_>Jl J_- j j i < JJLc ,Uj inn 

L«_sj . jJ-V 1 (j__j_iJI I ^ _j J t t_u * J__3 _)_s LjjJi j L*_J tCjl ij^JiJa 5-___*jj 

o! M ' J"*3 ~' ^ inU __J- <"i i H j! __L_J__>J! (J ! 4_jJl J_J -_J (jl ( ^ i -r j 

LujJI __J__ _)i . t_J__jj i \ w L t mi) jljjf _-ic. <Ut i^ij _>l ^jJj <_-Lj_>J! 
-•j-A ___ J_i__JI _-Jj Jj-U 4 ij i (_>>-*■' luI ij jljjl J» <» _£- v -' 

. c_j1jJ__U_ _Mj _jJ--JL ^ut-JJ j_>J1 -_J_ __-j SjJjjJU 4 1 j 1 1 1 
Jjj" m jtj_JI ^j)" L_a _)>>n V n <^jJI _-_ Jjjj-AJjji-] I ^L_jj_" 4--*_j__j 

High Density Lipoprotein 4__LJ__J1 __il__c __J_±_jj^_JI (jjbjJL <U mjJLI 

jjj - j_>a L_bJ_-___j (jA-jlj J-J1 ___ _) j-_> jJI < <j l_jJj 4___ — JjlLj Lo_a t(HDL) 

_J_J_w -jljL-ujl _>_. «i_Jj _£jJ! i L __w__J! _jLj l-JJ 4-__>L*~ 1 JL_b l_jJL__JJ i_v«jJ1 
j-4-M C_jJIjj .4j^L_- dJJju < . ilnTI i V n (i j - t4j_5 __>* ^JH*^ < , < 1 -J 1 < . *j '^" 

4JL>J1 jjm-J "'4 t Ij-l_ Vl __JJ L_jj-l_ jjWm j 4_1 Jj tJL_»Jl |ju- JLu_ 0 fl*ij 
■ \ n gy Lajj 4 't*\ \ Lj_uj mI _> > m^~j L*jj _$jJl tj-Jj_-Jt1 _)L___jV 1 4_-____J 4_~L_J1 
)4__ <-_l_J1 t_jLsl JL_ < JnJI _ya OjU frj-_*JI (jl -1 tj^ m>I 4____j Juu 4jL__- 

_£j_>.! "u__ j_>. L^L>. (_;t 4j__ j_>Jl ^L^-J- ___L_* jJ _j^L__L- Jj>-u L__>j 
<_jLj____VI _>__ _)L__j^1 1 ju_ 'Lj_>J1 _jjjL__i__ _)_£" Jj_ t tfjL___j! (___» _JL__ 

_jt <- 1 ttj _)r>V Cu J_J 4 j r j_>J1 L^L>J1 (j-i-T _- it <ijj 5S_-_L_J1 <_)j Irnn c J 
_ _-j1jjJ1 j^» iiH ^-L UC^J i(_,n M<*i miIL LiL_>J1 -J-L) ___ 4 o < nL> i Un ^," 
J «i t" _— jJI _^j->-Vl __Lj_>J1j < . ilnll oLjj_>- 4_4jJ__uo _>__3t__! _ mi _£_* 

_jBj__jj tOL_j_>Jl tf ju. 4__j_t_4 ^cjJ (j->- *--L-jI _a a _J -* < <1n!1 _>_3j-_j JLlC 

4 j r j->J 1 4__J_*J1 _)L_ t J > i -II ___j La Lojj _4jj___u __jj___ L^j ^LL- _>t 

__JJL-- j_ij_iJLl CjI ij -*\\ -_5_j_?e-_-_J 1 ■ tiiTL-j JjuskJJ *SjJbL>- _)J__> _)t « ~ -J 
. 4_j j_3j_II Ji>Jl -c_l__j___J JL__>J1 ___ _jj_J iLo JJ ___ \fl1or __j9 Ji-_ 

...lik-y 4j|if_§ 

SjLcJ JUu 4~i jll 4 tUMI _JJ_ __Jl _l_j_>Jl SjLcJ ____ ^LJjJI j_Ii_ LL_ _h<jj 
__L_ J-_>j iC_La jl_J_ < m l-j V I ^ jtj ^jJI -ij-ju _n_>- _>SJj 1 1 ^ jll ^jJI 

IS-r^ L^Ll r i S-rj^ -JLJLI LM_>JI 


jj-^ _;j-^» 


i__l_JI j^'l9 6^c^J I ^jlSI I 


<<__j l-y_>, ^Jui! 4ji1rtt1 L}L>J1 (j! 4_^j_>JI 4j1^JI ^Uk. JL>.j Jl_J 

L^L>J! Laj-jjlI (JJJ----1 ^ > n Alj I Ju <J 0 n"t (jl L&lLc < 1 ae j jl i~">>- 
^ I 4 j-L: J 1^1 ^tj l__j-__ 3 JuJl_>J1 LjL_>JI 0 j_« tl gl-r a J->J ___J 3jujl_>J1 
< Jstl L>L>- Jlj, ,*,„! *U1_J1 JjLcj -JJjJ .4_a_j_>J1 4_JJ>JI t 4jj II I mjI^ 
^.JL-JLj i4> i> inTI 4o jl.ntl L!>L>JI L->j-JL J*j-3 V _-_J1 j! 4__Jl1 

t Jj__ (j_a __jl_> Lq-> 1 1 |J j4__- Jj " 1 <nj Lg__ijj-~j Lgjj-B t . ilntl 41 in r 1 j t " 1 n"t 

31 <ri r 1 <j j 4 L*j jl____>J1 ^Ij-^-I ^ __-!! Jjl__j ^IJ_J ___} ^_jJ1 £_____ _-J->* 


m1___I LH* *t U J**- ^mJI i*_i_H 

jjLq__j __£! 4 jr j^Jl 4_jJJ-J! 4 j ^jj 4 j< (j_~L_J! J-____J1 L_____U 
LJ_jjJ_> CUaIu Mi o JSLt _>1 J— >-J <Nj . Lj4__>JI ^jja l_jj I U 1, 1 £j-J1 _^ lr> i"ij 
4_jj| j 4 jOI oUjSLU 4 ij t a ^ljjl - J— ^J ' b »J >■ Cy* t4 m * 


5Uj >JL1 4-j9L_tJI 4 5 j j II -dJjL^j jjl <T.U ji ^.1 ... n*iVlj j-i-ltl -_>1j n^aj 

l_3j-__ ___JI 4 Vll1 L>L>J1 4 j r jj Jjustj ^ jJI j_a lJJj J£ iLj^L>JL 

JaIj__ 4J 4-_______^t_JLI L}L>JI i>* t?- 1 ^ «4 jr ,'t^tl 4_J_>J! L4JI j_U__ 

. ii_>L> 4juj J_> «**ij'rmia 4jj 4 i j « * _j___fe_4 
t^Jo_>_l! l_J ntl £>L-_»j ^ 4 j r jL_>JI 4_lL>J! ^ c_jj1UII ^ _j (_-iCJj 

4 jUtl Jjj_>_i jl j_ll LiA-_>JI ^ljJt ___j^__j (j! ^ J_T J^j LU jl.V 

. L4JI 4^__jlL>JI 

^l L-Jj-JI 4_L_____ L>L>.) Cardiomyocytes _j___5__«JI l__L_J1 L>L>. _ 

. (^* jJI ^ i^i' 

c jJ__jj ^1 LM_>J1) Vascular Endothelial cells 4_l__jVI 4jLL_j LM_>. _ 

.(4jj>qjJI 4-i£.j_ , 1 jIjJl^- 

oj--j ^--Ji L^L_>JI) Smooth muscle cells <<M\ 4__A_____JI L*>L_>J1 _ 

.(4jjjojJ1 4_i£.j_ , I j1j_> 

__J1 lJL_J1 jrjL- ^jJI j-__> ^ (<■ .Intl 4i-___ L!>L>.) L5 Jj- t l 4-lkJI 4 njUj 

,4____>JL1 Ju__>JI ^lj^l J-^ 


JJ^ iJJ^ 


'<V-jr SjJIajItII 


4li^i tll L}L>.j 4-LkJLl L}L>Jl) jjj j j^j-JI 4 ii jkj Lol 

tjJj-o (Jjj-L j-* 1 jJJjj i*l JUlIIj ? i aSVL l_J_iJI 4j_J-ut jljual (»1 inlll 

^yS <— sMjJj |&k>J CjJ I n m -w !_■__> j --v iS JU Jlj> CjIj j t ( »j 4 4 r J 1 ^L-i^ 

-> j II ^Uj^o Beltrami A. p. ^lj "I n jj_-L£jJI jl ^jj .l_-LoJI L}L_>. 
2LliLkx» L}L>. ^-Jl ^ i..rtn Cardiomyocytes 3j-l*L«JI t__J-_JI L!>L>. ji Ijjl>.j 

j^a i'i> ~n 4 j ila 4_jajf l_j-j mj l-J rtll L^L_> j^o t-Jilj L_<a l—^J (j_3j_*j * 3 Ju_L_>. 
* j}lL)M l^I^ jjjC. IjlA j£J n Jnll 4iir> tl 4_jJlUI j*jlj_»iJI jl^I jl.lnnl 

L^L>J! ^l \ V" 1 11 1 (JjjJ-> o^- 4-aJLlll L^L>JI (jiajj_»j ^__3 jjSLAjJI *L>- L_a j^aj 


^iTi fU ij^iJLkJLI jLfl (jpA 4_j-jJj3 4_>ajl Jl_vI j_4 JL>V jL£ L-Uj 4__JjjJ 

4 j 1 (i jjjJI cjljIj m.II jl_>I LlLjj IjLa .^--^Jl j-LJI ^ I 3 *j!jjj LajjI 

OJL-sjj ^jJI JjajJ LL__5jI Jl_j3 1 (^jvLjJ I jLj_J-JL£ l-J-SJI 4JL-_jJ 4_}J_UI 

jjb jjJ j ^ it o j 1( ajJL L-Alll 4j_lj-j 4jUr (___* Ischemia jj-u-u-JL l-Ajjlj La 

jjj___3 m Jnll 4lir> r L}L_>. l-JI j^j> ^Vlj 1 1 JLxJI Jj-uoj ^JL-d jl 4_Lfl 
.l_JL1JI 4-Lia r ^.-3 4 7iU \a l-jj_* j_ftj InfarCtion *1 r, t j >-VI £l_LLjj 4Kn.ll 

L_*Jw_JI J-olj 4 Ll j^-jl t__JLI (__-U3jJJ j_Q */0 • CJJ— <» frl mi "l --VI < ■ » t 1 11JJ 

.^JLaJI m^ j*"i » n a Mjlc- O^-^y^ 


JyUll MiUI 4i«f 6 )UI ^ M^4t 4«i^l UUil if£Ml 

l ^ L Jl^JL ? JUj.LVt-^ 

Y - M ^LjJI ^^-S^Jl ^..Sj^j ( D.Orlic l_J_JjjI jj-I^jJI ^IU"» ,.,1 
LUk: U_; ^j _ HSCs ^jlU 4__AUI 4_^_l_»JI L!>UJI r LvV-,M,l ^U__j 

^lUt II L^-ij l-Uj*_JI (Jd^H 3 I i^jl^ (J--o-->- - 4__JL 4_j__,J_-fc. 4 jl ^ Jjja j-a 

LM->JI ^jub jl IjjLjh.jJa * lJJLjJ l i ilrtll jj jlj__>- L-Ja LajJ-o_>. ^Jj t jL_J 

lluj .l-J oJI L>Li- ^ljjl ^j.^ > l-JI ^-jJjUII JL_- t ^jJJ 4 5 j-J 1,1 4 j r jl->JI 
4jjjajJI 4_jj_jVl ^j-lljJ 4 1 n n'i ^^J-ij L^-La ^-lll ^L>JI jljll < rUIT j-_llj_u 
4l i>> tl juju>oj J^L^I 4jl or r,i, v jlj3 jj-o lIjJ Joj . 3___>JL ^jlaj ^-iJI 


L_bJL*jj Cjlj j * miJ 4jjj.j 4_j___j1 <j_-3 4_jJI La ^j o 1 £jj <4_iLi,^i.U < «l_.ll 

4 in <i*i c._6 jj I (_---3j j j 1 a j-_b L-_>aj . * 1 m^T L I i^ij lj 1 1 juul L j 

3liri >J| ^ /. 1A <jf *4 jr J >JI L>L>JI * JL^j £>L-J1 <___*_ j J^TL j ni ■ <a 
Jl ____>. -b, vU j 1 4 o jl i ii 4 1 1 >i % ) J5LJ L4I CjJL_- JL_S ( ilrttl 4_jL____U 
<jl -JJj j j i M <i")j .( Vo ) ^ n ->JI 4 jl o r ^Ll 4_*_4_oj ^_i_ "i 4 Cj Ju>. I Jl__ 
jljLs*. J-*-L 1 ^"ir Ijj jl I 0 i *W 4 jU r v o ^JlLI IL_____U 4j__ -Jl_>JI L}L>JI 
<_-j-lj 4_l_>JI t «irtll L^L». Lgjj_>. ^j-a £_- ^oJLaL-uj ( nj^Tt tc_jj lr 1 1 ( _ A "11 
La JfiL-j 4___j jJ_U 4_^_Jl_*JI 4_J_>Jl q\ u it 4j . julj i ' i <u ^Jj ~-jj L_£J Jlj~ V 
La L-^J-La J i n *". i ii "ij 4-jj mi~ La I fl i a L_jj-- t _-_jj <4 jij . UH c__J__J1 LM_- 4j__L_ 
4 i oL>- 4 _ j t U CjI _. CjIjL-L^/ 1 <? JU_> ^jl Lojj («LuaLi- CjIjL-uI 4 1 1 iili n" 

ojll (ji-AjJ.1 DNA ^-jIjjJI j--iLj__JI _)U n<\n\\ LM->J J^=-I-g 4_____> ja-____t--j 

lj-* J J-»JJ JJ-tJJ iCj1jL___VI c_il__J i. M-r " . aJ 4_-_.jj__I1 4 jr j 7JI 4_j__>JI L __- 
_-j3 J_q-aj 3jl___-Vlj t 4jl i" m.1 J-a 3jL_-)M _-_<. La _. .1 j' 4_Jj_M 4i> «jj 
(j;jjL4Jj ^ 0 1 n ~m!j ^y-tl 4_i__. JL>J1 LjjLiJI L$jj! L : j-Aj 1 lj_-sl L^jLL 

JLw L-J--J» ^ j a ij-j-JI J-L_JI > , L2UI ^j__wl 1 o t( _, La L>L_>. ^l 

. JuJlJu L_JjfiJ 

L^jL- ^jJJ 4*i ii.ia 4__JL L>L>. L___b 4 jr _j ^JI L>L>JI _jl j_c ^AjJI ^-ic j 

J_=___j9 L^j j j 0 Ti l-U! 4 j .^L>J1 dJLAj )c_J__JJ 4jj__C_U L>L>JI ^ljjl JfC <"iUr I 

__-^___-aj .Plasticity 4_»jjJI ji 4_jjjJJI u « ,„"> 4JJLJI 4 jr '1 ^JI L!>L>JI 

_)_4 4_xoL_U1j 4JJLJ1 4 jr j L*jL>JI 3jJl_3 _ l-jL____J1 I JlA ____! J__l3 ^j-o Lj-fi j 
( *il~i V" (Jj__>.l LjL>. _-JI Jj___t_JI ^-J-C ^l tn t 11 ___ij L_-b j-ibj ) U_-»--- "T J ' "*' 

.(4. .Irtll LM_>. Li-b ^j) JjVl ^j.niTI L>Lw ^ UU-i 

LUL J-Aj tjJJL-JJ ij-AJ ^j--» ^La I (3---/I (jr^ ^jJj JJ_ JIj-l-u LLo-- j*"i < nj Jl_5 (jSJ 

j tL_*j-ji_j ^lj-_j-_--j »1 irij t L^L- ^jU 4 mmiU 4_^j_>J1 LjL>J1 >U>"t ^J 
J 1 ""i ..." (<J 1( -jl1J 4-__AlL! 4 j r jl^JI LjL>J1 tjt jj-aj < >i .mII JjJj 

f L___lJI |_jJ1 <_j1j__j 4-__»L>- |-vl 1 11 a >V I j j n i I T Sj ri~r a J-olj-C ) 4_i__>L>- oljL__l 
_-JI jjl 0 T> I ^l t Vi ( 5ji.V -r aj 4_j-__L_>- 4 « j j £j\ j 4_)jJ_>. 4_l-u + <- 1j_-i-_>J I j 

L__jj-_vj ^-Jl 4jaL__>)/L 4j A~°> cjLjU~ __1 oljLi.! cJj n" m.I L^Ji-Jj ^j L>Lv 


js: ol .c-J-Ji l>l>. ______ id - . ii> ( _J-_ji a^u <> 

j jr -wj Jj 1 4 j r j— >J 1 Lj4 V 11 (__jIjjJI — -«Lj_J1 (^yja LS-j iii ^ 

J j_> jJl I Lg-Ljjj^j 4_Ljjj-jj j__ujj L_&1 jJb t_-c1 Ju (j_4 jJ__Uj I4J I Juj *<Lc j>JI 

(____: L_bj__j__ jjJj 4 jl^ i2_x__j_>JI 4_j_L>JI ,j\ Jj , L$j1 i j > jjj_ |o__j^___JL_' 

jJ 3-4» J £___»lj ^ ' * U j .____ jl _-J-C L_*ju_C (j_u__j jf J_J____J i \ (j 1 11 n't 

<__<_ _ 4jj__4J 4_i_u <y_ jJ___J! L^_jl_-j! ^J-JJ 4_L_J_lll 4 jr,'i >J1 L}L>JI jt 
^j LjL_£- ^yJI cJ j 3t "1 1 _ ^ LL___JI (___L_ _-Ja jl jLiL-* 4_jj__4jJI SjjjJI <_ J> 

... ^Ij_d_-j pL___jj 
La (j__ _ i_ j j? jlji (j. j, j H 4JLjJ-j K. A. i Jackson jj____?L-> jj-iisj (j_J 
4_±1>JI Jj_>o jj£u jl (^;jjj___JI j-« <_h*J 4-1 JL__j i< tTir (__ic L_!j L__T <>L-j__o 
4_Lu (__£■ 1 4 ~i r I jjJ 4 > 111 Ljjjj_i__ (j_-J *__-___ L}Lv ^JlU 4u ___JL1 4 jr t >ll 
(J___-i _ jlj-__ aL___C (____j (__J1 a J_U 4jj_Lu 4jC j_K LjL>. J__j 4j! j-T Jj t 4 1 __-_ 1 Jrtll 

^Jj iHeart attack 4 j jft 4__ji L$J ojjl^I jl__ cJLS _ 4_3L_ 4j___V i"n n j-__ jl 
t __-Jjjl J_J_ LsJ* 3j-__.Lj-a l_jL___II c_J__JI (__> 4 jr j >TI LjL>J1 jj____>L> £jjj 

(___JI jlj_l_JI 4 iinl jl J->J JUjLujT t _ Y JL-AJJ .|-L____JI _-__j ___. l$__jjj (_-_u£lj 

jyj 4jL_J1 jJoLUI jl Jl>j 4>j"iT1 aJA 4-_-1jJLjj . /T"l 3L>J| Ju_5 (__1c cJljL 

LjL_-j 5j_-_-LJ1 LjL>J1 Jla 4 u_ i^i 4 <_J_i LjL>. L4J Infarcted area _J_J1 
4_JJ_JI 1 « j n > Lajj -a a jLiij Vascular Endothelial cells 4_lcjV1 -LLL_j 

Cj^1-> ^-Jlj _ ujLuall jL-JI j-L__c (____ (_-_- CcCjj (__jJI _ j-jJJ 4-L-jlUI 4j_c j_>Jl 
_>-oj-C (__u_* ( Jlj__J1 I j_A (j-A jJI (_-JJ jjL_u Li_bj U ^ j-i-I jL_3 ^UaC (___u jyo 
C-Cjj tj-Jlj ^jJJ 4i.Vil,l 4Lc j_>Jl 4J>J1 __Uj JjjJo j>C LMi- _>>a JL_J_ La c_J_JI 

5j__J_ l> -__)-Jj 1 j_t ^j-uJl H^LIojJI ^ l_]La _ c-J (jc l,i j ii |j j tj 

(_;jj__. , U , t( jj 4_Lu (____ (____>j 4 jr V >ll 4 J_>J1 1 a "i m" _--Jl CjIjLI VI 

M_u f jJI L>U J! ^jJJ 4__c_Jl -uc j_>JI L>UJI ^j-a jjLOi ^J 1 jLl_ 

j-L. 4J (__X.1jG j__-b-C 4-Lo (_____-___! 1 jl J i n >J1 Jj_4__>» ^c-jj__J1 LJj-i-wj Jj-^J 

.«(^j-o-kJIj ja i JL ^L__cVl 

4jf 1 1 jub j j i ii (__J3 (jj i n ^l— > jjj__i jJI __U jL— J -dJjjl jj-_L_i J Jj__uj 
" j> 

i - 1 t i Xj LjjL> 4 j-3 C-i-Jj C-jLoj i 4-j j L_ 11 4_-jV-j t. i Inll l-uj__| LjJlLc 

J_- (^jJI uj1j-_>JIj (JlLJI 1 ju_ (jc j_-j jjj-ic t^j-J- 1 LjL>. 4_u_ c__t-sjfj 


i.ilnl I ub\j*>\$ ftjr\?l I 'ki\*\ I 


l_jL>-j-_o $\ oljL__l ^j-lxu Jl*j L-jjC jl 4jj1 j (jj-^ jlj-^a iL^L>JL 
<___ 4— J__!l ijr-&J _ ^U_»V1 4 n i c . Uj ~r a (___■ « U ii 3 _>--jJ j 1 U u t 4j1 1 1 i J 
JLi_u_>Jl 4^1 o - cLst-j! ^j-*-> ^jJl (Jj^Jo ^jC ^jlU n L$__Jj _ 4JUJI 0 ju4> 
,1 i ii >Jl -_-l___ _y» ^LLbjJI (____» ^Ij Uaj .c_3ljJoVl 4 j aljJ-llj 4 t , i.l jJi 
tjl u t j J_J1 ^ 4jL_6 ^JlU 4 & , mhU 4^j_>Jl L>L>JI 4_ua LjjL>oI ^jjlj 
*U__cl (j-4 £jj 4jJI luj_L_U l__LoJ1 _>c 3jjU_JI 4jI t" i nVl l_j1jL-.I Jj-oj 

^ tty"i miI L^jiJa 4 jr ,.v y}\ L>L>JL L_1jL__yi <? jla ^jl__l__> I o ij^j t jl__>J1 

L}L__ ^JJ 4 j cj -»J1 4_jL>J1 >jU_1j 4-__>L>JI oLL-pJI jl j__>J ^-j-laj jl 

jL*j jj__ L4_JJ 4Jj __JLI l-jLjI ;-f ...VI llLLJj oljLiiVI l_L_J (^j^*; ___ t 4j .lq 

4_j_C j__>Jl 4 jl Vlt j— * -1 0 U«*ij >Urt £■ ___b luIm ^Jl oj__ J g t " 3 t^jjl 
tjj-— H Jl__j jy 3 ^ i j > 1 j <**.j t"< i dU j r 1 . . . 4_Cj i n a __a1— > *4jj-ajJI 
jjJLj- ____. (_____> (CJ ■ . InU _-JI (j-Ij-"- u "i ^--jJkjlj _£j_-j>L_j i3 JLJseJjl J 

iSmooth Muscle l_JL_JI L}Ui-. ^j « __JJ (__Jj__>- ^ l_>I .nll *j—>JI 
L}L_>Jl Jj*__ « (___->. («u Cardiomyocytes tvascular endothelial cells 

... 4_La Jl2L_) Uj 4_t_ lJJj L_c 4 j i j_- J l_JL_JI ^j-a 4-oJLjJIj 4"utl 

t LI__JI ^ J£-Ij ^j ^jJJ 4j_A11I ^lcjlj-JI L>UJI jjU-j IjU Ul 
^J L$j! ^j _ Lj_iil L*£ _ 4Uj l-j 5jL>.yi_a ^jJJ 4jj£U L>L>. ^-Jl 

jSLijj . L5L_w 2L>.L->. ^ ^jJI jj Jj-_j ldIjU- ...I jl o1jL_if J ■ n". m" 

. L^JL-U J£ u Ut" 4-4JJ-J1 4jj_ jjsJl 4jJL>J1 JjJ S L-IjjJL) _yS j»L_ 

^-jJI) ^jJJ 4 iniiU ^Uc Jl>JI 4_aL>JI l_uI_C 1 jl : Jlj_- jjUjj jLii 4j( JUj 
JjJL_>. (_-J->- U t II ^-JS 1 g <Uj-ja ^j-a j->.L^J (jf ^jU"f i aJ (jt___J1 O-ljj 

Jjl_j V 1 jUi_ Sl-J-JI LM_>. ^-Jl jjUjj l__L_JI 4l___c ^-a 4__!L-J1 4 nUlll 

» u tjili J< nil ^IU ttl ^21j ^ SjjiwjJtl ^jJJ 4 nnill 4_^j->J1 LMj>J1 t-JJj 
(jl_U ^l ^-9 jl J_J_J1 ^ j( l_J_-JI ^y- f1j-_- L-)l U-H (jL-JLI L--J_>. L-i Ajuj 

5juJl_w 4_j_c._Jl> 1_j>L>> JJaj 4 jU r ^-Jl ^L-5_j V jJJ juj 3S_JL___>J1 juL-_ __- 

^jJJ a_____jJLI ^lcj^J! U^Li-JI jjlc o\ ^Jt 4uUw)/lj .luL___L! jt__JI ^l 

Jj_a 4_J>. lJjJI ^ 0 _ ^ • J-i (___ 3JlJ-Ij 4_lL> Jljw jj JL-JL1 Jj i t (__-*-_ * Jf-S 

(__--_ (3jU m I j__ (jl j_a1jJ1j . _j-j>>jJ1 3jjL L-^j) fj\ UtU (____- L^L_>. 

I ^" njUj (^--Jlj i JU-_>J1 ___ 3jj_>-jII 4_«JLJ1 4_^ Jl>JI L>L>J1 £jjjf ^j-o-> 


L}L>. J« J}L_-}U 3jlijl->. 4 Vi a LMitj ^ tVJI j___jJ1 <___. 4-i^L^Vl 

I *i iU i L^L>- (jja 4_jJJ g-l *i 3fcj Loj -*j ini II JLjij * jj&jJI I J, „lll ^^jJl iuill 
4_lL>Jj 4 jr _u>Jl 4jlVll iL*^La J_J ^ljjJi £-*Lj_Jl ^ ^j-Jll jL_j>LI 
4-Ji- OjjJ ^jl J jJL> i">___-i < ilnll L*}L>J <_-jljjJI j_^L_j__JL_*) ,4j_jL-JI -y j i ii tll 
i4 i,i _j £j-JI "LLiJLi 4 jl^ *"o*_j _ jj nl I 4j> <i t 11 "LLwjJI Jjiij _ 4_jL__j 
j^j^Lo Jl-Lo 1 JLA j___! I ^ 3. aljjj _-jJlj tg j imiIT 4 j r j__>J I 4 jl kJl 4U.nl jj 

j . ii **C i nill LjL>. l_jj_=>- J_jjl>u _ji Loi tj iUH j__ 1 jubj . fj* 1 1 ii II 

^J 1 JL_^j3 i Lijj-__j 4 i ii n'i O-SjJ I (___* L*>L>J I (jrlJ^L-J L-^-La Cj J-4JJ i ^L-Lo « ilrtl I 
JL-_uVI pL-ul ^ 4jjL__JI 4 jl ^JI Vj 4 j r 'l >J1 4 jl^Jl j-aLJ^j ___S f*j___u 
<___j_Lo LgjJ Jj_-_OJ 4 j r j_->JI 4_lL>JI ___» (j-^ljj -^Ljju JL->-jJ V ,^JJL___JI 

(_____>. jl i L-^jj--j "L_-__>J (J-U--U _-_i L__J__JI ___i 4__JL_J1 Lj*L>J1 ^yu^La _^__-jj t*i i 
4j^_jl>JI 4_tL>JI ol Jj-*L 4jj_jJI L^Ltl) ^ljj j--jLj^j jl>-jj "_*j ) jJJ j jl__» 
L_)LjL___>y lj < *il*i II 4JI— >- __-_ 1 w 1 a L*M-_>JI jrLj^L^j ^^--jj-ju _j_c, 4Jjj . n o 
i juj_s_JJ ^LsJI (j^iljjJI -c_«Lj-J1 _j n^r j jjJojJI _>____. j)j_5-jj-« !___> .3ju____JI 

. I t'n *J 4 i>> ti ( j__-3l__j .V 1 ii ~r II j-L*J1 ^-jIjjJI -^L_j_jJ1 (jl__ ^^J-J 1. o*Sj 
__J_- ij M~fcJJ ___) m 1 11*" (_j T JULJ ^jl_>J I JJ--J L^J -r j 1 n *ll jljLoJ < ■ 1 ~r J L_UjJ 
^Ljj-j JL>.lj ( jL___jl _____ £>-__ ^jl I i n I r I jlj . Lgjja 3j j 1 ^ 3j___j LujJ ^jjSLj 

.^iMnii l_£jjV ^jl^ji l>uji c^y^ c^! 

ijL_ujVI (j-J-- (3^**-) l^Sj-wi j L__JI (3^**^ M>- > ' — * L>' J J--L1 u' _j *i j^j 
L*>L>JI ____. __!bt-JI 4___jj_3j > M. F. iPittenger jjtio Jj_-o- ir^ udJ jj 

L-jl _ -v j j " ^ 1 1 _-_) 4j-ol_> __.jj-L- Ci >ij i^J-U 4jj__II 4-jj- j_>Jt 4jj ni 1 1 1 
^j u Aa\\ Lj*>L>. Lg-Loj 4 in 1 n V" 1 1 _J^L_>JI ^l jj I _y. _UJL_Jl u U t *t j jul f\T\ 
(jlaj-tj L>L>JI aJJt _jl ljj_>-j_l ,4j_Jii 4jsj-J *-_jL--_-_j3 jL9 ____ L_>j___>. 

_-_ib __uL_* ___JI 4 0 V i*Vill _. 1 1 iiTl L !>__>. Cjj_>3 w-Lcj 1-4- 1 ljJL->-j Lu__* i *4 aJL_jJ I 

Ja J j (jJiJ^j (jja JL*-J L-^jl Lc-_" i4jl_4_JI __JJ |- j *i >J ,I I g <"jj_la <__i ,Jj_--.-7l 

.( nv ) ( __j_Ji 4linr __Ja "Li*>L-_ l__jjju __lll tjr^^jSJI 
jL__jyi (3j jJ--jJI jj---> (j-JI l-jjj "ill jjJo jj-o __jL-stjVl J_u (ji jl_lj 

^ L__L>. ^-Lt-J 4lo t-O ____ L__=-l-JI ji ^JL-JI _)!__* I jp3 3 Ijj ,, t J ^-ojJ j-j-l 

__J__JI ^JI— tj (jl ^jSLcj ^jjj 4jj_SUl "LiJLJl 4 j r j 7JI L>L_>JI tf_L_b _j_j 


J^-J _^J\Jv- 


lIJjJu Jrj^. Jj a-_>Jl ^J_>J1 1 j-A ^jji 4^ njll 4 ■ ,nj ^uaVl U L- t jL_J -c_jj_>JI 

4 -»J1 L}L>JI jjlc ^-Jl 4_>.}L_- ^lWj jj>>J1 < t .lrtll u t -wLJI 
j^P-kJU c> SL-JLJI 5u^ju>Jl LMJkJI u 1j <u_^>UI ^JI Ju_-_S ^jJJ 4____-__U 

(_-__ Ij ~r. (j-oj-_i_Jj 1j-j_i_kJI JJLjJI 1 j__b ^-Jl J trt'A ^\ < n nWI 4 n ir> 

lL_t> j 0 "l i n") -_£tj__-_ L_-_3jJ1 (jUS <*& ^Jj^ ' L}L_>JI (jjO (______vJI JJL__JI J J 4 JJ 

lu__jJI u l S4__JLUI L}UJI u LSL-> l^ ^L^_j 4±«L__ 3jujl_>J1 L>UJ! 

jjjj u__j___ <4 jr 'l 7JI LM->JI 4_c1jj ^J] < . Irttl LM_w 4jL_oI JlLo u i ri rt i 1,1 

jJI j— oS/l ( l_J__J1 L>L_>. (j-4 -JJLJI *j^>J1 *Lu SjLcI 4 jU r (___. 1 .1,,. 
<>- ^L-iL^ ^i ^l__^ ^jj u_j-_ji 3_ij___ 4 j j n "v 5jjU V J*s mij 

I( j__uj_11 3L_*-j 4_-_____ 
(j-4 4-__*.j___ ,„ !___- <____) u _<_SLj V £-Sl jJ! _-_£! 4 1 1 ii xJI 4K u.U jj 

4uj£LU 4__JU! 4_^_l_>JI LMSJI u i c> U__Jj )4i____,ij l_)____o1 j___si 

C-_l-__ ujjI -r " H l_Uj <_-J-J i(jlj__L_Jl LAj \ <■ u L-_ r.a.l V " ,,,1 ^--Jl ^jJJ 

Not homogenous LjIjj ^..'il j_j__. u l j_i_JI *ju- Populations juL_____ 

L}L>J1 t * 1 1*i u l ij-nj j_4 4 iri *j 4-i I mi " a j j r (j-JljjJI | 3 3 ^LL- u l (_£l 
Jl__-_ (_-JLjJLj3 t4jj_gJ1 4__.jjulj- j-J-C CuL£ (j I j * n 1 1 <____ ^^LtJJ C-J ii ^-jJI 
(_-Jl ^JJJ JL£1 L<pa i4_u!jjJ1 4jj^J! 4jj^ y a ^jJJ 4uj_Li 4^ j_>. L>L>- JjvJU 

4-cLUI 4 K r lt « e -iUjJ . \ _-_>JI ^ I ^Unlj L$J ^ LlU jL^_*JI Jj_l-_ ^jlc 

oLaj^l ^Lc ^-3 4^,lV i ,„11 4JJLJI 4_j_C.jL_>Jl 4-jiitiJ J i ii >J1 4_>ajL_Loj 
L^j! Jljj ^4ulJLJ1 4 jr JLj>JI 4_JL>JL ^MulU M-Sjutwo M_-Lx. j ."i t"i 4 j iUII 
4-^j| mi" a (j j5o 4uJL 4 jC JL>- L^L». Cj_- Jl4______I La Ijl I ^ u ->o u ^-fl J 4 K mi - 

.4uj^J1j jJU__JLI 4j3jj_t-4 jl LjIjj 
4_^ju>J1 A-l^a-JI 4_lL>. (j-A -4_3 ^jJ-.! JjIjlij JjL» uJLL_> UjI j 4jI VI 

t-i- (_--_ \ i\if 5jj_-->.jIIj Adult Mesenchymal Stem Cells (MSCs) 

5jJ-3 L^JjJ r.jn ..lU (_-_- (j-^J- ,4_£_L_U 4 K m, l J5-J j , n n .jJLJI ^lhtH 
u l U-l UfT 4i^.^tV".U L}L>J1 (j^o jujuJI ^-Jl juU-Jl (____-. 5 j-l^ 

J nA ) Lq-_C ^-L-JI I ^K m.j 4lSn"i-r ■> 3jul 0" a j jr Sjujlc Jl j ^V JJ-_j 

P(jj__>- (jj. (j^il^ "ill (__-_.. J q _j a/acytidine - 5 u o ..n SuLu- 4_J_L-___Lj 

(j_-i 1 ^ t j <; j (jJ-Jlj -4_j_c jL_*J1 L-q_j_-_j_iI1 Lu>L>. uLu> (3j_3 j_jL_J1 Jj"i jU 


i\ r __jljjJI JlJI jJ-j 1 c- Jl_-_i Jo i"i Cjl_Li_j>JI Cj I Jl_j ^Jj _j-4j _ J o tll 

LM-i- j-J-JL, L^Lq t _j}L_>J1 ^ Sjljjl^JI Jl£LiVl (j-o juJl__J1 t"< Ur Ij 

____ jjL»-JI 4 iLuaj 3 jr \ ojC^JLI LjL_- j j o~uj l-J-JI 4li>>r 

4 1 <>> r Ljj*L_»- <"iUr \ < Jn II (_-__ l_Aj_uL_- _>-*■ L#_ I ^ii oj i^^ol-J^JI £-^jJ»1 

1 £\\ I 4_S> .(j_j_jj___J L^L_>. <"< Ur I (jujjjj^ f i U ___ L_j ( n U_->»3 iL_JL_J1 

4_JJ l_j*L_>. (j>->- 4_j-^L>. *(j__jj_-4_J ^Lill jL$_>J! (jjo l_ijj_^JI C-cl U*i < «I 
^ |jl_»_ Ij m, . a j i "< t j ^jJI j->a*-M . j-Jwl (j^y .<> ^-lUr ^^oJ» (jja L}L_>JI 

(*- (j^J 4 (jr^J <_r £ --_U J___JJ| 4 K a l_3j__>J1 < m i-u ^Ij l__c £}L__JI 

JJ--JI <j_Lc I (j *' <i ^cj __ n _-j < <i U (___ L^Jjj_**_j 3j j __iLj__SLj LajIjl__1 
4_ajl_) J___JL < «j n*>l jt 4_ull9 L__Lojlj 4jL_o!vLI _-j1jJ jl lt"m<1 4jjJ jnV io 


Human Embryonic stem celU.jM;.yQ.j.r :\yji bjteji- Y 

4lmr £>L_-_»J ____ 4_a 1 V< <«l,l 4jr 'y^-tl L}L>JI ^ljjl jya _____!! £j_JI ___bj 
4_J_*JI Ij 4j sej < ii j (jLj pjj (jj<i"N i (j__ jj-o-LJl J-tJJ ^L- .4jL__JLI l_J__II 
jL__ <:lj_>. (jjo j t ^ j _»j__j_j ^J <<____! ^-juoj-jo £*5L*J 3j_xj_i Llil j o^j 4j__ j_>JI 
4 ir,'t ?J1 4_iL>JI __!1 lj*L_*__ .j , "< ^ll ___ ^J 4JJLJ1 4 jr,'\ >J1 4 jUH 
____; l_^_~j_£fj L^>-Lj Sjjj el * o y LlvL>JI j < « __j_ (_--JIj 4j^ j 1 1 4 jiji^JI 
d> __l U.l^ ohj ^ -dJ_ J-Cj -UjjJ (>JI oj.mo-Ij UJJ !>_>. t jM_o)fl 
iPluripotency oIjjl_JI SjJsj 4j ^U- L^-ij (__]__ j 4o ^ _ __)lj_4x-« jya L^jJ. 

jf ^jU" uj L^Ji (_--->• jjl o"n (j! 4_J_jJL>JI 4-_l_- Jlj > JI 2LJJ-J1 o jjb j_-_j _--fl-- 
4_j_4 jjj_>JI l-jI __jJ_J| L->ji > m a (__lllj 4 m i r> V" 1 1 L^L>JI J^lj-I ^j ^ ^ U U«1 
l__J_]I ^jLjJ L-a-gja lj \ irt a L^j jj i"i t j »1 oltll Jjl_>. Lo j_t J <l-jM_J1 4 jjji-^11 
. ^j-jJ- jl 4_ul_l 4-ojl 4 -ir j"< 'i t ilrtll 4J__-aj Jj*j (jj jJI 

(_-___JI 4__jjJ_j Itskovits - Eldor jjjJjI jJ-Jaj^ < <."ii jj-^jJI _>-Uj jl___ 

4_L>Vl 4_^_j_i___ |_L_- >Vl __JI 4 jiji ^ll 4_i__jL_>Jl (jL-_t_)M Ljli-. Jjj_>J1 j^o 

La jjl_i___-a ^.-ill L!vL>JI (j_- LjLt_4->] _---sj .(Ebs) Embryoid Bodies 
LiUJI *j_a jr^ (j_-j . (0A) j r,;U (___» _JJjj t 4_>l_J1 5li_,j_j->JI ol__J_JI 

Cjl 4 mlj ^-1 \ V"l inl (JJjJ-> _>-- - 1jJL->J 4J_>- J^l 4 $ J j ni |_L___t_W>LJ 4jjSLH 


i___UI yjbljol} 'k*c±jaJ\ _j1_JI 


3j-___5__-J1 L_J_aJI L}L>J _>j j o 1 1 1 $ t ii -u ol n iryljll «'11" <T> L5L». - 4_i-aLx 

L.Kehat _j1 g j<s Jl m.I lS,>.LJI jl-u tCardiomyocytes 
jlijlaj __£ Jjt 1jjL£ L_>. jj j H J_u1j_-_-1 _ j ;<" j g 1 41 V * * \ ^L__JI 

4 4__>Vl uii ^L-^-M Jja l$jlr J-___- (___!! Sj___-L_J1 ___J_-J1 L}L>. 4_L__La 
^-joLi-JI 4_L>-j>3 (___ cJljLa L}L>. ____ Sj-i-oL-JI i. t Intl L^L- _j! -t___>jl (_u> 
La jAj / 1TT ^ Sbj^JcUil L^L^- 4_,ljL> ^ L}L_- L^jI i( yjVl ^LlI^JI 

L_-$J ^niill J-ol J-C tf,L-J j£. 4-jj miU -_L_J_>J! ^j^- ^ J JJ JU-___-JJ gj "l l~> 1 

SjSLJtl (jLs-ljil ^ V} 4 jl-^ll <____■ jl>.j_ V ^ljTranscriptional factors 

->j__ _>j!j n ln i irilL t,4__b (jj| 4__2uj__flj _j! ^ j *C uJjjl __Ujuj . I $ j oL-j j-^ 
_-lc ______»! i jjJ___l I j ^y^aLn-ll 4 j I^Jl j 4 r _____j__JLj j__j 4 jl^Jl 

JL>JLI I j__ <__-_ ^jJ-i (jj____- 4j_4j_t 4jj m. itl 4 j ; j ; I 4 j r ju>J1 L}L>JI 

• 2>J lll I A 

c-Loj. 1 ! £!vL_J 1jl_>- 4 > l-Lu 4 mi'.J 4 >JI 4_J_-JI J-*_>. Lo Lal 

^g^. ^jjj -»jjL_ _4jj_^ j_^9 _ 4 j j I n 1 1 4_____J1 L5L>- -___J 4 -ar j" 't - 4j jlntl 

r.in i..U Ji-I j ^l ... -nVI ^-ic SjjLi i4_JLJI 4_^-l>JI 4___*L_-j L>L>JI 

1 Qj\e Jj_i-__>JI (j_a _/___-LJ1 (j-L_J La-4 1 1 JL_w 4__jjI__ 3j " n t j j" ___) 
I jj L__5j____- t4j ilntl __Laj_M ^M-C <-JjlUU jjfcj tlj_>- 3 j j i ^ __lj ft<j 
nl ntl L5L_>- ^jja (J\j^L-a __JI ^-1 "i -*■> L_^j JL_>.lj j-_jj__o ^^L-c 1 i o Ir 
4--'__3yi 4jI_U _n_5 La j_*j (j^jJI -__9jJI (j?j i Jj__ ^j-a Lj^li L^_" i4 <n ir>V"itl 
4_->l ua a ^-9 jnj I ____j j_A t 4 j f j >Jl L>L_>JI 4___.ljjj 4 j iln II 4_-jVL 
3j j">< 1 1 Sj^-SijJI LjLkll _»j_4j 4j_o- 4_Cj_-j _)L^ __JjJ t( 3M__>VI ^-ic ^y-^jjll 

. 4-JI (j-L 4-t o-,'n\ J_acJ_) ___j__v 
(jLj ^jj oUj jl jjj ^ miJ _>jjJI (j-->l V 1") VI <: Vj__b (jj_i%__-_-_j (jj " >L 4__J 
(jjjJl jl pL-t_J1 jt _jrt__-jJll J__- t 4j.lntl _jLaj_ , L 4jl____jLl 4_-JjL_J1 ^JjJ 
4 j 1 .1 n ) LLaj t i>> _)jjL_*j (jjjJI jl t4-L-L_JI ^-J- L -___bj_--i ^-jljj j-Jj-3 ^c-^JjJ 
_-__! LaJ n a 4 j C jL->JI ^__-L^L>- ^ljj "1 r nL jj_i_>-LJI i r> i j t5j <i"i 1 n a 

Cjp L> Ijj (_____- Sj j i *S -Lil j o^i 5j-_-Ij" <> -r j 1 ^>"j (<\ i.i n 1" _4_jl_>>J tj-_t_j_>JLl 

- 4- i -_j->JI ^L^ _ c_j-_ ( w.i^tl (> J£L__* jl) 2uJ2J1 4^jVl 

.(j_i_— JJ 3j__-tL>- 


^JU^J ^jJI ^jJJ I ^-Jl ^jL*_jj I jjU 4^-1" -r \ Lo <J_>j t(— <J__JI (_-__* 4 m % a 

£>L*] IjL-iljJ lj ■\- - ^ ;*'■ ■ ■■ - ■ ' " '■ O 3 J C j >JI 4-lL>JI pLfl 4-g liJJ jj 

.jljuj ^L-u (jj-i ^j-* 4__=*.L_ua 4 jt ir-i CjLoj^ ^jjj^Ib ^3j>Jt_u ^jj jj I ^_-t_3jJLI 
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tt«-_sJ\ 

_y» ^j-^j _JLi_b (jl jij "i -_!_ Jlj »1 o Ml jJjJu 
_ Lj>L_kJl *__* t jJ! LlvL_- ^ ^pJI L>L_kJI 
L}UJI ___> _ 4i_* j^i*J1 0>1>-LJI L&Ja j_>j ___JI 
(HSCs) Hematopoitic ^jJJ 4_Lj_Ul ^__>JI 
Jj inj _>_.L_Ji ^lj r jj_ _j!j Stem Cells 

4j <j_3-— - j i ~ij jrAj>- jl »f~£-)l — «J j-* _ )^* J f» 6 ' « 
_!!_ i4l_t_« ___ _>_J L_l_ j j ~i «j i4_JI ^L-_*JL 
_-_*) J-w*J ^Je-tJI (____ ___> -_>L_) ^jJJ f i ^> <t jj_>-jJ 

* J-° i * J-* OJ- lV> 
_-_a 5jj__>-j— o L^L_>JI j__ c_>alj Lo -j_cjj_ 

_)_" jJI LjL_>> _y- CjIjLLo _-1_j_J Jfl i"i t _J J i ii 

ClJ t in J^-_ i JLJ-AJ JwC I J_U — Jj, in "W ___ ___> )^JJ 

LjL_- __!1 UjjU_j 1 *1 i ii _-l jJJJ J_- SU^j 

C__-__ Sjj__L_JI l_L_i__ jjl S3-___j___5_j_aj 4— -jJu_c 
_JjJl Jj-OJ L_4_* jj_-jl___JI _>-_) Jj l^tj i") >im" V 

tL_Lua J j m i J 1 l_Lq_ (JjJj ^L_ i-jLc __3 Jjv «SLpJI ^ju 

.4.JI £-_*J _-JJ 4-La _v__u *___! __!_ ^JLu Vj -* J >- 1 


(•) ^c^i j^liJI 

<j1 uj J u-~ - U--* ^'jJ^' L__>j____- - j»jJI j_«l _>c <^ _-»_-> ji ^U*,,,,; V 
___] iHematopoietic Stem cells ^jJJ 4 , n,;U 4 j cj >J1 3 _,i^t i ^ jjj__»___. 

«- ij-y i LaLc jri im^ j_« J&\ JulA _ JL>J1 Iju- ___ _ jjjiL^LJI L$_tjju ___J1 ixL>Jl 

u-^J jL_> > -JI Ji* i5j^jI__-j 3ju__' _p_l j_*V L>}Lc c_*jJ-u__.l 

4_Ji- __j_ L__ L^jjja ^ V" . nj 1jjL_> j_l__JLj .(Jh-L- J_Li_u ^jJI _>_3Ij_aVj t(jr cL_ll 
t J__L_j ^jjl LjL_- 0 Ut"i _ _y_>lj_>J1 l_Uj 4_l<_L» ^jjjJU _ 4__>Lv _jLi___> --I- 
jjjL j^* __lc t Li__i _yj (*_j . JjJj ->j]j 4_J_- L^jI jjjJu ^ _-jjuqj 

. L$j J-4JU ___J1 4 i< H 4j3jju» <jjj U^J *Lp_i-Lj 4_Sjj_- _,j_ C-~jG___J f_L-JI 
<__■ 4_LaL_* 3jJl_J LfcijJ 4_J__J1 jl L_jJl_- VJ Ij-^jJU fJ tj^L_-Lj| jl Jl-u 

_--C _ 3j___Jtl 4jJuVl I 3 " i - jj j_a 1 ^ln^^j jja ______ Jjjj _ _-jIjjJI Lg_s_^Lijj 

t__u___ (L^-lL-j L-^_i 1 \£\ tj-ty _>£u |oJ i4 tr\ m V i U L5L>J1 jyj ^Jjjl ^LL-cl 

L}L_- ji L$J lJll^ ,3 Al-.UI r -JI L>UJ 4 , _. Ul j 4jj^jJ| ^j-L^i] 

lj__Aj 4jJu£" jl 4joUr jl 4n.r>r Lj___ ^U/, ^| t \| ; M yl.v 
j-4 ^jJJ 4____ill 4_j__jl>J1 L}L>JI <__> 3j_JI _J__ jjJjVl ^j^LJI plc jj 
cJ_j jLo-cl cJLLj <4 j"i r JLc Cu a inj 4 i i^r jj-Jj-jJ _JI jjl Cuh Jj * I * Jj-3 
jL_ j-*J3 . jJlIII Cx_5jJI ^ t^L JS* jiJ CJ^J JLsl CjjJl^j j[Jl+u\ 

jj-J JL_9 i4__Jlj Lj>L_>. Jj*-ja J-*oj jj__wJ jl 3JljJl_w L^Lx jLLoL 4jl ^Jj^i 
jj 1 JLA CJjLstj jl Jj as-j j-cj i<j_j__>Jl 3t t-uJI ^yS I ^ '/r LoLoj 4 - _J__-_a 

4l__lll 4_jcj_>JI LMJkII Jjjj-J ^3 CjJlw Jj__ jua Uj£. U_T ljjfcj ^iL-^l ^ 
I^Ijjjkj j>_Laj 4j \ 4 j r j->- L^L- j! * ^LLo 4__________a 5^ . . L^L> ^jl ^ jJJ 

)4junr L>L- __JI 4_icj_>JI 3jjl__JI LjA_k Jjj^J jf .djjj». LMi»- c^! 

1 Cj1j_x4^o _ya j-jJJ 4____J,I 4u__j_>Jl LjL>Jl 4j j j ^ " L-« (*CjJI ^-JjS-J 

jjj 5LjL_- l___jj 4 j <i ft VI - j__ jya JL-3-J Lo (_JLi_b (j_J i<_ju_L>» 4_j_4ukl __u< "^" 

• v^ S? 1 ^ V ' J^^^J t^^ ! i 1 -*- 1 L^IjlJ-----I 

lj_.jyjj_.JjVl l_i1jjV| ___ _ 4JJLJI 4_j_c__>J1 4 jl Vll ^LjJI L_ajj_t__!1 ^Jj LjLC 

i (J ___lj_JI i)j__ L£jjV ^jJJ 4__J_lII 4_LcjLz>J1 4_iL>J1 _4__>J --jjlu ___J| _ ^LSJI 

t |_^__j jj ^ys I u-lju _4_C i ~ 1 1 ^i 4 j iLjL>J1 <? ju_ 3jjL>- _,_a 1 j j . C Lj_>, C___j? ^y-JI 

: >LLo __^3 i _L> Vl L^_ujj _yi }Li_ C-jSj-^-J 

. Hematopoitic Stem Cells (HSCs) (*) 


jjLx_u V L$j! L*_' i j^LlJLI ^lm __i__ 3j_L_^_ii_ In vitro j__->JJ __- J 

ij .1 ^JJ __fl _ Lj£o L*£" 1 jukj _ 4______it_II LlvL>JI _yj JjJU £jjj| 

.-_J_ _>__-_ i-.uiI ^J^e- _Ltj| ^jVI _JI___ (jl U_* 
^ _£j___._M L>Li-JI j ^jJJ 4 ' n, 1 1 1 j_>Jl 4_J_-J1 jru j j j <v"TI 4jjjl___ _T 

_0_>. l_jVjL_*_<- Jl^w^j 4jl _Uj . L$Jj__ 4jj. tn __JL_JLj 4 ^L___J1 (___u jl ^jJl 

t L5L>JI _>* Laj_lc _>_: Jo____ j-_J ^jJJ 4_____U1 4_j__._i_>J! L!>L>JI j j j o" I 

j j r j (___4__>JI ___«L__J1 J>lj_~ t V a ___ _--Aj 1 1 | li__u _>c L_j_JXJ Jj 

.L5UJI ^j<_> ___! *-jU r nTI jl___ ___.! __Lx-__1jJI 4____jI^j —U-j i__iaj_>JI 

J}L>)m _-_ jf £■}__. ___. ^jJJ 4l__iLI 4_«___>JI 4_iL>J1 ^ lj_i___J -_>j____. _T 

*JjJ1j i_jj < (\ 'J^jLj _>_>j-« J--* 4 ij t a (j__lj-af ____■ 4_JLc!1 L^L__Jl _)L__- 

.___j__JI Jj-*J1 -jLLloIj _$_>S___J1 

L^L-pJI (j\ j-fcj <4__Jj jJ-ujJI <*i<i Lj _jjC_ _jl ju V !___>. p$ a fr____j 4_4J 

_>jLSJ1 , V i (i-w ___ 4 > ,n Lj^L> __J1 jjl o"*"»j n n D ^jJJ 4_____L1 4j_c ju>Jl 

.In vitro 4_vjl_> _>_-Jj In vivo _->JI 


It^U 4_m4I i*§ii*-l 4*__yi <-_i__if I *_* 

^IO j_L_JI f jdJ 4l___dl 4_^j_>Jl 4_J>JL _n__-l_J1 4__j_-_ Jjl -__L_T 
.^Lt__Vl (j_4 4"lj <1 4 _J__j_>J lju__jJLJ (jjjJI JL-L-Jl _>-* 4__j,n -r ■- j-l___C _____ 1j_-j_ 

E. A.^McCullough-iijji-La jj->jJIj J. E .Till Jjj jj_£o_>-j- \ W* ^L-JI ___j 
____ 1_&JJ >L_j <«_ ^MLwj 4 . , n a jljl l-___j_u jlj_l_J __aI_jJI ____]! 

^jJl ^_-__J1 jj_j i4jL__ll (jlj___J1 SLl> 1j__j1 (jr— - 4iU La 4_>j"iTI __jL£j . 4 ojl ( n 

_Jlj_j tj\ _____L_____I ___JI L^L>JI jl 4_J_>JI __Lc J__j___JL La-^jjui (jL_ i__j I U>. 

)t 1TT ^ L$_-ljjl _^4J&J |»-JI L^L> (j-JJ-O ju*jj 

4__j_L>JI (___bj _ 4 jl> l_!L___ (jl -J_j jKL-i>j J_j__T _)UL__J! 4j --j__> U-4j 

u Ut"i _j! ^j U"< i n" 1_L_J i L^__- -u JJL_*o _jl ^jlnl , „") _ ^jJJ 4-___uII 5 jr.'l -nTI 

.4__l_>JLI j-jJI L>L>. ^ljjl j_t-_>- 

L5__>JI L$j j j <\ ~n ___J1 i-_x_>L_>J1 & JJt _)l _£j_> I 5j— 4 jt_L__jj _jl _)-« JuVj 
InjL_-_>Jl __J_ L>L>J1 (jjSu lonv J___i_ C_Jlj>J ij-jJJ 4l___JLI 4JJLJI 4_^__>JI 

!-L___t_J| tf jLA _,__> __Jjkj Jn vitro j^u_*JLI __9 ^jLi- r.M.jlj t vivo 


^jr.S.TtllT^l-ill 


:_/L> ^jJJ 4 m.UI ^ j_>JI 4_iL>JI *L-1_J1 l-Sj-C 
, 1 ^ ,„n'i juJl>u __, 1r 3jjL_Jl I4J 
♦ ^jJI L}L> j-j-u>. u U t" I jjL*-Jl ____. SjjJLJI L#J _T 
__JJ Homing LajJj_4 _>Lj-- ( ^L___JI _-_u ^ --jj->JI __1__ 2jjl_JI L4J _V 

._)____Jlj 4j^jajJl SjjjJI 
. ApOptOSis J^oj-ill Ojll 4jj__>L>. Jl>- jj __j1jjJ1 L^e_aLjjj _-_ _ L 
4 r M nVl _>__* J--^' £j— * Jj ^ u -C SjJL-__JI I $J _ 0 

j-jjJo _>__ *4j_o c_jl __-jJI -i j — ___JI £j — _ _> c L_-Laj < rt L- £__■ 

4jjjJLI j! 4jjjJJ1 4__j____>l_J- __ 0 , _u 4 ifu __J a 4 , ,^ 4 j .^L_>. 

.Plasticity or Transdifferentiation 

j_U__i UjI ___- ^jJJ 4l___JLI 4 ir j_>JI LiLstlJ 4_^__l__/_"l 4___JijJlj 

M. C. Mackey _£l_-La j>-^_ __->. jl_j .--lj_a_>J1j *L__o_JI ^jJI L}L>. __JJ 
^jjj a______II 4_^jl_>JI L>UJI L^JJ r ,„ _Ju ^l -_L_1 ,m n'.VI _jl-_ 

4jUt _ ,LL__I Wj^LJ .L^lj-L, f jJt L^U ^LbV **__j!>LJI 

jljL_o __J_- 4 j|V l__JT VT * j W* <j__j L-o 4 ,r> V "< a ^J L}L_- _dJju 

_>_* jo^ .^jJI L>L- ^l jjS j_i-*_> __JI LM_*JI *>j__ j_U_j ^y-J j j-Lkll ___>j 

_-S __JL_L_j-_> J_L-_j 5 Jj_>jJU -_JL_C tjjl fl**il1j J-4-U 4 1 r> 1 n > "l fl __lj sc fl J J-^-J 

____ J__.L>u ___l>. j_j jl» (3-Ijjj ^ai-Lj _-_ i 6 *> j <■ > J *** ___il i__->JI _>jL_JI 
J«w_S> . L4J 4-LjJJLI __ull_>jJL ^L_JJ _____» jj__jj *j!j cJ < uL LjLkJI alut jjjwj 

. jJJ ...4__LII lj__j 4J___j _y; r ,„<Vl 
( ^_j_J 4 . __Jll -L^jl>JI 4_J_>JI _-u>--u 4 iUr j3j--3 -H^l^ mi *i l_JL_- _>_J 

: L4IC l^jir Jjju__>J1 4jUr J^jju _-J__JLj 
^jJI L>L_- j_* j__>. __JJ 4jL_____u ^jJJ 4_lAJLll 4_a_c j->JI 4 jl^TI _^ 

___JI pL__iJI |_jJI l_jIj-_ L>L>- L_aj___i- t |»L___JI ____ L>L_> jl _;j_-Vl 

• 1 _ * ^ 4 j '1 '*■'** A 4_3jj J- _j ' ** ■ i ***» ■ ■■ 1 1 ___ __ij___Jj 

j» 

_jj L$ ' Lij-^ t4__t_>J,l 4jJLJI 4_u___>JI L>L>JI JoJ-tJI J->JJ L_u? -T 

***^->J_J 4j __iX 1 L— Ll J -* _3— 1 -^J ■ ■* 1 _ ' A 


jj_~ _;x^ 


2u^Lu^VI 3jjl_JI L$jjJ ^jJJ 4_L-_il1 4^ j_>JI 5lUJ! _,! _t 

Lgj-s J_jv^j jj )_j_vjJI 3j_Lj Jj ljl_w JJL_JI <L__3 Q5_o *j. o--JI 4jj^L> 
J_" __6 3j_-1jj ^tln t!l ___j ___ 4_J__ i__Jl ^ 0 _ \ • J_* <___, 3jl>.1 j 4j1_- 

IPeripheral blood ^-jJI SjjjJI ___ 4j1>. __Ji ^ * - 

jru -j-c ^jJJ 4_____JJ 4 jf ,'v -*JI 4_lL>JI ->j_A ljJj-*J Jl jrG_-LJJ _)_J < rtjC*! 

)S__)M__-VI 5juj_i L>L>J1 ^ JU>J1 *j__ 
,L_J_J1 ^Ummj ^jJI jl_l_-jJI JOLi_-VI <2LuLUIj ^lK.Ul J^Jj 

4-lCjj j_> ijajJI L>1___ _ys L_bjj_L _>£.j ^ji-^l _>£. U_bljLxJ U-bjjj <Tit 4jaL\ V"miI 

1 $\a jl rti ...I ^-i! _ t Lg-Lo 4__j_- J£ jJ___ JjjJa Receptors 4 /m"jj-JI l-}Lj______J 

jjL Lu-jt L-£J --ljJLJJ 4j1>JI L-J-J L_5j-JU Markers a-,,lj£ jt oL->Ll£ _,jL_>.LJI 

Irving Weissman oLjjlj ^ijgjl JlLai cUUII 4jJ__ J*_i La lj__ J__ULj .^LuJI 

4_jjJo (4_lC j->Jl 4a_>JI j jj <h \\ __J3 __L*__fljJI ->j_b ___- Ij lnVl jrj_w t4j^Lojj 
L/uj t(__jj_lj_iJl) juj_JI 5j-i___d 4jJjV| __Ju jruj t L$_-_- JLJu>o ____ -jjLaJl *j-«_J1 
Lj>L>j iSjjJjJI ^lhall ___u L>L>. Juj *-jjl 4-11 j_j__ ^jJJ 4j i«iU 4j_c. j>Jl 4_J>Jl 

j^Lu-U L-_j!j . (uo) j>Vl L>UJI ^j.i-> I j_j ^L-uJI ^jJI LjA_>. L_3j___>- t^jJI 

jjL»_j _rL> i L^jl j ___b I 3 i j ij _ JU_1_JL 3jjL__JJ jj-i - 4-JL 4 j r j -y 4_J__ _;! jru 
_-JjVl L|3l o i nlj L$-l ni nj i jin <n V"j L-jjLjj _)1 _l «4 in irt V" a 4_J__ __J1 Jjt TtJ 

jjji-cj ( jljl>J1 1 i»j < _]__*—> I L-jjL Lbj_^oj djjjuK jj-=-i oLq-_j!j _,Ut"il 

._;^__| fr Lo_l L^ji-. Jjil-u 

CD8 CD34 CD59 



j^ui _,j__i _n_>. ^JlU 4* M.Ui 4_4__ j_>J! 4_jj_»J| I J< jjl <___ ^jJ U_j3 

juu 1 «imi t CD59 j CD34 JL_U J j \ ( <■ _____ L^La azi\ ^ mlj _U--*-i (3jjL_a___4 

CD8__Aj LaLcJ 5 . b sc A l_i1 4 < nlj J-a-_*u ^LLa <; I t 'n \ \ I 1 j-jJ1 L}L>. __JJ jjLo-_J1 
jLhjI 5U, -1j;j . 4_ojLuJI iL^jJLl lLjLi-__1j _p3 l)^ 11 ^ ^ * d J--^ iCD4 j 

1 i>t -tl j j| 4__<__» _ 3jL«j 4 4 U * 1 4 1 1 „ Lua 3jl in<a ^L_-_>-l CjI q i "IjJl £>JJ&> 

Fluorescence - activated cell .Ui* ill _>__4ljJL L>UJI jjJa ^ljLu- jj^L _>_. 
t ^lU,tl ____ LM__- jru j^ ^jlU 4______J11 ^jl_>JI 4_J_*JI __L_ Jj_____>J1 <sorting 

. LM_>JI _>* __)_>- Vl £jjj_1 ____ Jj_<____>J! _>SUj L^___j 3_}j > __JLj 

4"i inill S_j__j_>Jl LjL>J1 (jjo }L1__ Ijiii^ U-Lp- ^j! 4-SjjJ_j (jLjjl j J__1j 
L}l__>J1 _j_« 3j \ i£ l_jLj__j-_i £-a _ LjjIjJ 4J_i_-__aj 4 o U a LjL_>- jiih _ jJJ 
_• j_b (jUa i^__x___yi _>_a 4 " j o 4 4__Cj__>J L-Lj-uj 4> _>^j--- J-3 j L_ ___. 4__^_1_>JI 

^jJI ijL-JI lj__ 3l_j_>. JljL ^jJI Lj>L>. ^ljjl j-j_^ r,Url 4 «U U L>L>JI 

.^_j_U 4 - j tna <Ljj_. j_>- L^Li- j-d> _j_L__>. _£ jJl _)l Jl£>jj U_-j < LUj __j3Ltjj j?Jj-- 
^l jjI *Ua£.y 4 3jl_>.1j ^jJJ 4 \ iii j a 4 \ c\y 4.qU a 4_jJ_>. (jl j__" jj 

jLojL 4_U_i_. l_-jL_' 2Lj__u 4_j1_- (j-_)}A_ <jlj i Loj_) 1 ^ ^.Jj J_(___j 3jd ^ jJI L^L_- 

.^ r1 ^ 1^L*_1j ^Lt-Jlj |*jJI L^L>- jJj__> __J_i 3jjl__ c_-_il£j tt_jL-__JLl j-_JI 3L_- 

' ^jj ____ (j-Ij-LI 2L_a_Jj-L_JI <"i < n j! L^__J (jjJj-_lj ^jO__>-L-jJI _>-a-aJ _)l J— JJ 

cConnie Eaves j-iL__uJ 3jj "i < jJ I o« i » >i *i * * . L_>j j j«"j L>L_>J1 

(j_3__>Jl 1 1 Jl__ '"'1 n ■ "1 jJl ^J <'r> j_>a ^-Ja 4 1 JU__j 4_ijl I-i _tj— jJ 1 Lj_j-jQ jJ j_fs 4___<iL-tJ 

jj-a ^jj J_L» 4j3>Ll L4J o 1 >mT __1 0 inljJI tf____ (jlj tL^ljjlj 2L^j_>JI LjL>JL 

_JLl_b ^jlj i _j_>.jJ1 4_ul_ jj c j 2 A*~,a > 4 3j_>. (_-__c 4 jr Jl>JI Lj^L>J1 ^ljjl 

tijj^ jl J-Jju iL>L>J1 _)_>a ^jj (j_4 j-JJil __JL_ j-^jj 4-^jI iii"i a __L_v__ilj 
jjJa j-_>. jj _ ^jJJ 4 % 4_j£.jL_»J1 Lj__*J1 jj_a jj_>.jll ^ljJI j__j CD34 
,______)! -____ij ^_-_1jJI L^-Ja jj-^j-4 4_Jj^1 L>L>J1 1j_£j ^L__j-J1 ^jJI L5__>. 

_ya Ijul (Ji-u V (jH>-* Jj-^ cJp 3 Laj <i r J .2___il___a 4jj j i au CjL>.jJLj (jL_i (jjj 
4j£> ^j-UajIlj i3juj__JI L>L>JI ^l jjV ^LiJJ S^-t-pa __U>U_i __U_-_ljJ1 4_l*_-I 
____ , V o j 3 Ju J_J_ _l»L_jL_L>.l _j_4 4_J__j 4J Lij _, jj ->J1 j j 1 *"J1 4_j_3 J_-jljj 
__3j__tJ ___" 4j1 il! 3j j j Z C-ljii 11 Lt__*_Jlj ^J-kJl JIo-J JL_i t 1 JL_>. 3j j a£ J_a1 j_c 

._r->J1 J-*c (___f__>J1 L_>jjjGj l_^_Lj__>La 


(D-_JI <j_>l JD\ g__9 'ktC\-*l I ^jItI I 

«__ai i*«;ttJt uuyi tt »_) 

(____ L^jjJLSJL 1 n jU i^jJJ "L- Miil,l 4 j f j_>J1 L}L>J1 jj~i -_LJ1 ^.n^ 
L*>L>. £ 1 t-><r jj 1 | mn*t Jlj Jl_>o ^lc L^jjJuLi 4h<i*(> a dj_jjj__t _»j, 1 6 £ L__±JI 

iLong Term stem cells ju Vi *__>>-» ^jjU^ ,t_.U 3 1*1 >> U^U. - i 

LgjtjJL- 3jl t 1 mi! ^jWi mi~> 4 m t a ^jJoj ^yjJ I j "ujLc *L1__jJI ,_---__ L>Uk ^yij 
JbJoo ^l-* ">j->— 3 j n"<Mi~ ijj^lo JU^f ^jdJ 4 n nio 4j_* 1 -k ~ul__ nn"l 4 oOrill 
^JlU 4 ^ MilU 4 jc j >J! 4_jL>J1 jc i nlTi jfcj ^--J .3-JbJj-. jj g mi! »LU«1I ^-tcj n*i 
_j_; 1 ^ , u cii Jujl_>u (_____. LgJjJ-L-. _,___. *U__aL>_J ^jTn" . uj ~_-ul__JI jl (__S t 4 jn j n -kJI 

jO__!I 1 j^J 1 ojr juj .Sjujlc jj^nit .U^ (jj*Jj l^U tj _;jJ1 (_r-*JI jJ-JI 3L>. ^jlo 
L^Sjj^j "Lj^jj-a^l Yale Jjj 4.« .aLitj Diane Krause jjl j£" jLb ~jj__jJI <r.;"^ 
3jUj rmlrj - j-> j jLal ^lUtll j_-i cj.1l>.! - 4jr,*v>. !_>}_>- * T • * \ ^LJI jlcLJJ 
L#j Cjjjj j JLB jU_ ^-_u! (_yB Laj j n *w j i J*l j n" < n a L-_>j t j jjj (j-_J ~uoL_-_ j— 4 jjl j 
(ji miqV (jj inf <jj_>.LJl i ln^V S V ^ 4t mi4 SjLsj AjJJ 4*1 miUI aUojlII (___j L*>L>. 
C<*.<% *»-j <Jjj»_>l___ J__S L_ji*i-- (^-jJl j-4 4 cJji a L^L_>. «jJLlA jl Inii^ 4-_cL_« 

. ^ Mi n m q\ (jjJ (jjQ 1 jSL-b cJlo L^jSJ tjLaJI (^ojI ^LLac ^yJaj ^yS L4J j^jUj ^jc < I, ti- n 
L^j ^llntll (j^aj-JU - (Jj->-l CjLJ (_-J- l_Aj-Cjjj iL __LiVl ijJij ^Liej (jjs L-bj jJ-J Uj 

L*>L>. (jjSL~ Ijjl_>-j _ ^LL-u-JI (jiii L!>L>JI oj_a j h ini LiU jl_»j t 4" j c a oLcl t m»V 

i4 nh-*fcil,l ^jJI L^L>. jJjSu JLlju jlj * 1 fi m n 1 jja JjL>oj p 1 n n n (jf ^jU"ii uj *4 jf 1 ^ 
q\ LSj . (JjjJo jaC — jI j ^-JlU 4*j Miio 4jr j^. L^L>. L^j 4_j__>JI LjLkJ! jl ( " 1 m j L4-4 
dJJj /yo jiSl t 3-_jJ->Jl 4-_jjJ_J| tf_i^j ijj^lll ij-QjJl 4_jjL 4j__ Jl>J| L>UJI JJlC 
JjkJI j__bj 3)"j__^a L-oJl jl J—-L4J ^lln tl! (__-__ ^--3 _ ^-Jj^l ^--jj^I ^-jS _ (Jjl-_ j^» Ojj_j 
^otntll (^^1 jj»3jji-.Ul 4_^j_>J| *LL*_JI (jl Jj__U(jt ^jU"i,n) (jjl .4_JL_JI 4Km,q1I 
4^-jJI LjL>- -^j <"rUr I 1 4^ 1 ^ ni _u < " 1 \nc Ij j__-I jLa ^-Ja <"iin -w 1 jl ____J| -jL-J 
^Ut" jlj ! ^ mi _u (__Joju (jl _-_clU"i 1 nlj _JLj jL_5 (_.__ ( " m n j i^-jloJI jL-oJI jj» _j j_wl 
CjI j ^jJJ 4*iMii-i 4jr \y 4_iL>. (Jj___IL L^jj Jj_J jl j^jU" 1 m j_J_c . ^jJ! Lj<_v ^j4>> 
iJ_J_JI 4j*JJJO ^jJJ 4fni lU 4jc j_>JI LM-kJl (jjc Jj-____>JI 4_t4-_i £>JJJ . Jjji- J-4C 
(j_3lj_aVl lL_j jr^Lc (___! L-_>j *^M-JI ^ -4>aljL_r"iMrl ^ j___>Vl jjj-" 1 U^* cjJ! 

1 l^J->- -JL* jl j un4 JJ^-J 1 ; JUTi (_-jJI 4jjsjJLI 


Short - term Progenitor or j^*Vi5j j *^-Jji UX^-u 

tprecursor cells 

o * J}L>. <y_ - JL>J1 ^ r.Ur 1 ^H- 1 ! fU__JI ______ _>_* L>Li-J1 <_1Jj <_-_*j 

jjl>u (jl ^jU" 1 11" _ i^jJI Lu>L>. ^jo-w _ 1*1) J>L__ (___ (jjijij 2_cL_- 

4 jjflj 5j-j-_- Cjlj Lj51__>- 1 $Y\ (j-liu I Ju^j3 .4_jjL_*Jl __.JjJ-.J1 i'.>") 1 3 m n*i _y» 
t^jjjdl 5j j 1 n*3 4 j ■ ni-w jl 4_Jjl L*>L>. _jQ nnj tj j<n^ j 0 f __lj j I *~>jj m 3 
_1 JUlL-j*- 1 ! __j!jjJ1 1 g alLU *j-j|_-j-_J1 4_-_____Ljj tL_uj-__- 4 -r ir>L- (j-Aj 

3jJL__J1 L_gjjJ L<__> i4_aJ3 _____! ___JI -r j u-JI L5L>. £j-J 3juLo__-J 4_d_v (jj_u (j-* 

(_/■-- 1 II 4__jjJsj D.E. t Harrison (jj__-__^L_A jj_i£jJ1 _>! jl_u .^L____jVI ___- 

(j-a 4_! 1j_5__u_jl i__jjjj_L_ (___ jUjLa _-*__> t < n jJj--> J-aLu-a (_-- T * * ^ ^L*J1 

(__!_; L^jjjLLa ijt" i.m - jloJI ___■ Lilljj _ ^jlLI 5jj___- ^jJ! L>L>. Jjuk _>_-_ll 
. (00) 5 j^_il i __)! r 5jd ^jAJ 4___j^ 4^Il>, L>U ^__0 o' 

J «1» L!>--*- jru jjj <wll IjijUii uJ (<J ^L^UH _jl j___»jj (jl _ys Jj*_" 4^-L_ J___uj 
4_j__ j aII L>L_>Jl _-Lc UjM * **' *J f w '^1 «t^jlj tl se - (_-_! jj_M «-_») L5-i- 

^MjlK ___ L^alj Vi ,„1 _>>. p^-LoJ t-UI t JjjkJI j_<u~Jl j ^JlLI __1j j-jJJ 4___i__11 
JL^J r i4j JjUl Ju__>Jl ___ LM_kJI 0_i_S Jt__ (jl __JjU _jj i fl < *_ __Jj 

JJ_>u (jl _jU"ii n") V 4a_> _;! (jl (jjj j_Uj »1 al-Jl (j-a*J (jl Juu ._>Ll>J! _;JL_ Jl_u 
. 4jf __> 4^iL> j fi *" V (_r>Jl (j-L-JI 3L>- Jl jJo 1(3 1 t>.V) (j^a 

ft^u u_ai ^-wt M-ii j^u* 

3jj_vjJL1 (j^LuVl jt jjL-all jLa i^-Lc JSLlo 4-U-j_>J1 4oL>J1 _>-- -JJ_t_j LLaj La 

__Jjj i3_j->.j-jo L^__J SjjL (j-sLi- j5Lio 4__!LJ1 4 jr 'i >JI L>L>J1 _>_J t3juj__ L^-l. 

.SJljJL». j_uLo _>_. L_____J1 _)__ 4_9_5L_JI (-L^l j rt 1 _j J___ i__JL>J1 0-_jJl (__!>. 

tBone marrow j-__w» _-___ ^ 

lJJjl-Tj ^j^^I fU__J! (____ L>L_-j |-jJI ^LLJ ja^Wj juJL! ^i.^ll _dJi 
^jjj 4____UI 4^_l>J1 L>L___] J/VI j \ ,M\ jSIju ^£t 3 ^LUI jU_>JI L>U 
i4_J1 (jK_>l ' >JU ^-j-oj-II __J1 ^L__jJI ^«--j L^L> J-_l_j *L_J_> VI (jLfC 

^-Jbj t^jJJ 4_Li__.l1 4_^j_>JI L5L_>J1 _ -Jljjl j j iuj _ I n ij j-£iljJ! ^ ljjL_T 

4_tL> __J| ^ 0 __!! ^ * J£" _;j_L>u >r.j^ t 4 __ i^i ^j L>Li- _,U-"j _-J_u __J_I1 


pjJ\ ,j0lj0*l gUcg ft.jir V?J Ta. j I t 1 1 


* JjjJo j o r CjI -5 4 5 im i a 4 i f j -w. oJl_>.1 j "LJ->. ^^k. ^LstJjl L>L>. ^ 

jjj - LJojj LLu ^LJ&jJI <jja j V " ^-jjl i( Jj_i-Vl L>L>JI {y* JUJU-Jl c__ LjLstJ 

j-fCj 4 t 4L frlj-.oj>j »t in n aj jJJj^j l( *jJJ 2LJjVl L}L_>JL_; . L_-_j_* 

^jJJ 4 m.ill 3 jr *v^Tl 4_iL>J! J_u_ jl j_flljJ1j .dJJj jstj L^-ijjJo ^ jl t 4_*__L 
I jj Lu I 1 . 1 <i " t o CjJj Loj i*(_---"L J-s L^_J9 Lsu j Lgj! J ^LL-uJI (jr-L 4*j m jjLjj 
1 4 1 j i IrJ I (____> jjb L--i 4j-_>Lt-a ^jjo JLj}Lfl j j " I ^£ L>. 1 m ni ^JLu j I Ljjjl 
L^liLit* 4.3 j_*_o ^ JLjV ^yjJI ^ihtll ^-Jk LiAj <4 mmI <jj}_!JI jLfcjVl (__j_ ^--O- 
4£j_rt-> LAjjLj (jJJboj Jj 4 4 xj ...111 I^ M i jjL-Loj L$JIj1_>I I j£j t L^j ^^jJI C_1j_-J1j 
jl t_ij»J J^v!j (jjjL_3 -UI_ijo 0_>J j j nt\ jt J-jlJ-i 1 t j h-w Llj j* l_JJ j t4j_b ^^JL^SD 1 

}(_-->■ *(_---*-• (j-u-l JL_C jLl-C^I (__-_) JL>-JJ 

tPeripheral blood (^j!aj»-»)*iL^jJi5j^jJi-t 

JL>» jj j»J-U 4 mi i 1 1 4_^ j->J! L*>L>JI j! il_-Jj__ <-~-*^J j-Lo tL__5jj_tJU j~4 (jL_> 
^ *i 4nni) ^jJ-JI f-jJI ^ J^wjJJ *4_Jiw lJJI 10 J*^^! 4 imi» ^LitUI 

^jl_>JI L}UJI Ij^-, uu <jl Ij-clU- ,„l Lnl^LJI <j& «4_J_V. c_J( > • * J5J 

< v ,ij i4jj_ajj| SjjjJI l-J! ejLkjJlj ^LIaJ-JI (j-Sj j_fl 5j Tr $J1 (jJ-C ^jJJ 4 * n.iU 
L-JJj (JjL_ <<jL-L- J-> (jr* ^>---JI 4_C>>J1j *4_uslj-iXI u_flljJ_jVlj t 4 t,„!jjl ^La^l 

jljl! (j^j .^jJ-J! ^jJI ^ r jJJ 3LlAai 4_la j-^J! L>L>JI 3jJl_; ^l 
^.U ^jlU 4 _ J-ULI 4 jr j >JI L>L>J! cI^k (^Ja t LJjJ! L^j^". ,„j ^! 5j-_i_>Jll 
^-jbj tCytokines - ml j! j_o 4-jj-ajJI SjjjJI ^Jj Utll ^.jLj ^ 3>j ^ll 

«LajL) ^j 1" n 1 1 L _J__ju (_--Aj - LjVL>Jl LrV JL__jI J___j-_«j 1^'nijhj 4 j 0 j In n oLujjj 
LjvL>Jl i iV 1 uj 4)jt 4 ">j^_*J (3_!>--> (j^ ^ 1 LjvL>Jl 4j_.1jj (jjs ^Ll dJL_C Jj_3 

L>L>JI (j-4 jj>- * <_y-* LjvL>Jl i) j__bj i4jj-jojJI SjjjJI CD34 ^___iljjl J^-_>J 

^jU" m'i (jjj .-j irtill 4Jj1 jlj a »1 iri j; ^J LjvLi-.j 4_JjVl ^jJI L>L-.J 4 j C j -kJI 
Lo jAj ( 4j_3j-L_JI 4jj-ajJI djjjjl ^jJJ 4__ul_JLl ^JL>J1 L>L>J! ^-Jc Jj-u__>Jl 

u^AjJi\ *LoLJI 4Tinl! Richard Childs jlLLIj jjL^jjj jj--^jJ1 jjsj 

(_-__-!) (j-o 1 jl r Jj_a-___>J! j-c J^___ilj ^H-ul L&j t "i t jj "Ldjj-laJI tf j-A ^y^jJ jl ^-JJ 

^j__>JI L>L>JI jJwL ^jjl ^^^jjll 0 t ^l jlLLIj jj-^jJ! jLil ^LLJ! 

(jjjJI dijjjl (jjs Jj-L I j-4-C L_-ulj 4-jJL_c. »1 n ui 4_i hmj ^l^ 3fcj ^-JS j-LaJ I ^-jJI jja 
L!>L>J1 4j jl (jJI ^L-Ld^L 1 juA i^j j "11 ^Unr ^oj j^ ^j_>L>L>. jj_i-_vL 


J^Cj j'! jj-^ ^jvj«* 


___Li _yQ 3j-*_$JI ____ r f T~ ..." J\ JUu _ __5jJ<-J1 j-jJI ^,- ^jdJ AlAill 4 jr \ ->J1 
(_-J1 L__ j j mi*i <jl JuVj .( 1YA ) ^L__J1 _____ ___ 3jj_>.jl1 lIuj ( h* ■>» _ ^L__jJ1 

L*>L>J1 * J__ (ji jj__ E. tWright ojIj jj____JI |*^_-lj _yL_.j _nij*-LJ1 ^i i (jl 

jjj- (jj__i 4j^ajJI SjjjJI __J1 ^lln «II ____ "LoLoJI ^ jJJ 4 \ _-UI 4 jr *i ->JI 

. (U '^L____^U "*_j_* 

tUmbilical cord Blood yo-"-"' JW* - r 

_>_. 4 1 1 n _ j J4J3JI JnUII Jjjj JL&j i(Jj--Jl Jj->JI _)f JjVn _)l -_J J-* 
4-H)l ^ll jji_Jlj jjjJL ^jl q U 4 — -1 4 — _JI 4__l_ (_____ (jjaj-i t J<i LaJt ^j-Cj 

Sj-J_3j __IjJL_U £-__jJU \ g -wljj L*>L_nJ1 3jJ 4j _)l JL__ I jJU ^Jj i^JU 5"L^Jlj>J1 
4 jr j -»JI LM_>Jl J_L_L3 |*_JI |j__ _-3j ij-_ (Jj__JI JjJ>JI I j-Jb (______! tf*J_j .5j_UL_J 

4__tl_ CjLL__>J Julj I4J t Vli"n V _-"->. L$J . 1 j "i r uj _)-<_- ___* j** i^jJJ 4_____U 

. c ___i___JLL l 4^U_JI r lj_1 

(j_>. tCji _i )j t irull 4_j! Juj CjI u jiLtt-UI j-i-ljl _)j_i_-LJ1 4__j_e La 1j__ 

____ ^>r_fcj ^jJI ^jJI Ijla _/j-- t\\ 4_ajjJ-j Laughlin _ni_V j>->_ ^jl__o_lJ 

jjj_Aj (jJ-JI JL_*--__ , 1 (j-4 JUJL_U j>j_4JL_*_l__1 ij-jJJ 4 * mi -XI 4j r \ >J! 4-J_*JI 
(<-_«j (^lj___ JL_*~ _---_ jL_i__J I u_j 1 aj a I V"i _ul Lo-> *4 *jt a 4 j t ir> __jA_L__>a 

)_J1 JlJ ^MjJJ UJLu_ 4l_>. ^jJI j-_JI Ijljjl>u Jjjju _* 

_____ (.".tnjl ^J-*--' J^— *— I f>-> 4jX.J^>J1 Ll>LiJl (jl 1 l>>jl _)>C-l_JI -Jjjij 

3jjl_J1 L^jjJ - L_»j_j _ L^jI Jj i^j^j ^jJJ 4 <r>irt->"fl L*M_- ^LL_cJ ____ 3jj__I1 I4] 
-j^LJJI l_L___J_J1 (j__ j__](___JI ,4 m V ill L,>L_>J! jjI ^ 1 - ^ ^Uo-c! __!_. 
1 Ia J__*u La j_4j ( Pluripotent __1jj__II 5jj_1j Lj>L>. L^il ^\ t 4 j*j*?JI ^jjj_>JI 
4 \ mi ] \ \ "L__j_>JI L>L_»J1 JLjj-aj (>a Jjjj Lo jAj .^ V ') L_-_ 4-JLc 4_*j2 1_ ^jJI 

L>1_*J1j t 4 jiji -^ll 4_ai j_>J1 L*>L>J1 JLo t 4 iij tll 5jJl_J1 4 j__ . f 11" ( 0" __Jl ^jJJ 

L>L>Jlj Teratocarcinoma 4 jiji^Jl 4_^LJ_j-_JI b>UJlj A uu~*}\ "t^jjj->J1 
.(j;j__J1 Jj_*J1 j-ju 4j_.j_>J1 L>L>JI Ij-ii-lj t 3jj__J1 eulj^J 4j_.j_>JI 
tFetal hematopoietic Stem Cells ^Ui i j>j__*tj*ut 
j^ui ^-ja u \ ^"itLj * __JjVl j_4_J1 Jj-1j_4 (_;jl_j _^ jJI _j>^__>JI 4u ______jj 

.jLaJI (_;__ LajJ M _ \ * (j^a j o r __i_tj i^L-oj^l _-_! Lojj TOj YA (jrt-j Lo 
_)-- Ijljw ">j_j_i_> 4_j_4__> i __^Lj_J1 2LL>.j ^LjI __j3 i_r^_L>JI , V m>. ^__ij <**fj 


JJ_V _^Jn-v- 


-_JI y>\ _Ux.9 6-^-7.1 I I 


>-wJI 4 jU r ^Lulj (jLj ...t 4__jjLJI ^jJJ 4 4 i r l >JI L>L_>JI 

SLi_- A^ut^\ 4_JLJI 5 j_L_J1 _»JU_ ___ jJJU _--Jl Sj-^t-SJI 0L0I . ?n -Mj 
j*jjJ1 ___ jLUI o^-^ ct— L^L>JI _>jl_ jj$I- (jr_L>.LJI _jr>* ; _j_>j . ^ '*>tl 

JL_L_v-J - »1 -_Jj-J1 (jJ^ 11 _jl 1 V j i .j_4_il__JI _>-jJj (jrt_L>JI j o r _>>- g_jl mtl 

^aj^j . Elaine Dzierzak _Jljjjjj_ j^Jj! j I. L. iWeissman (jLojjlj 

^jL>Ji L}L_- J>6-- u>' J^^-i '^* J*^ 'JJ.ktl l-— * Jj-*- UJ ll V J 4 j" -» J I 
^ jJI L}L*-- _jj_-i (jl -__Jj Vj t j otJI 1_j_b __£. __£.ja jj^tn jjfc i^jJJ 4 n hiU 
____5 L__j__>.j I j-C _ (j__LjJI ^j—J . ^ ^ T ^ J ^ 1 ^ 4 j n " V fl u in^" ^j 4_cL_Uj 
___ Ij^--* Cjj ___!! L}L>J1 __Jj _>-. __*_>. l_$jf __JI *__J_ juu < JiJJLJI 
(Jji_j __J_ julj _>_Jj £-jL_JI ^*j-J1 (_— 3 (j-"_- O^J *tj^-L>Jl jjJ__jj jxj 4 jlpr 
._>L__VI ___ £Y _ YA ^jjl ___j t (jlj_L_!l <__-• ^ - _y» fjJL _-_JL_- _ 

La (jU*JI _>~ j___-L_La ___j ___ L.ju>.j 4_! R. *Gallacher j_i_Lc f-cj_j 

JL_ !____' _ Lj>L>JI _>j_$J U njn-*JI jJ-__JJ <jtj J T"V ^j-jJIj Ai f J-JI jru 
(jl j-JSJIj ___5jj Vl L^La j o ij __ll1 4 j ij 17JI 4 nU .U jJb _ —JljjjjjJ jj_15__ 
innn ^a3 < Sj j .*S CjLx4_j L}L>Jl _>JU_ j_Jj 4 nU .a __ Aj tgOnads J 1 n 1 1, 1 j 

J__>l j3 j_o_JI ___j . jl_j__JI 4_J_) ^Ll (jj ___ j->.L^j (jt e__Jj V ^Ji 

4_cjj__5 tjJlSLjj LajJlc Julj_Lj3 t L^_al 1 .1 n\\ ^jJJ 4_L__JLl 4 j r j_>J I L>L>JI 

t_il jjLal jl__j .Thymus 4jj" « .^itl SjJLII j JL*J_JI_i 1 ^jtl ^L__*j _>»» __]! 

^jJJ.1 L-u_>- ttjHLl>JI j-L__c ____ (__JJ j_»-L^jj I $ ... aj I o I j 5jVjJI J-Cj-« 
4 nnUI 4 jr .'V >JI L>L>JI (j-4 3 j j 4-i-4_b _JLL_ _jj<__ _l!jL)j .^ VT ^ ^_p-Vl 

c__j pL>> i \ n (^L___J1 ___j ___ 5j__j o "i ,<j j__j_>JI ___ SjJslj 1 «t i^jdJ 

4_«jJj _;jJI 1 4 j m 1 1 SLa_>J! _d j t a __JI --jj^>Jlj tjnni II __L_ _l_*_uC.Vl 

.4^11 L>L>JI (j-4 (jJji- 

tEmbryonic stem cells ^Juiyi^J.yi LM>Ji 

L^L_>JI __L z Jj__£__>JI ^jj \ "wl—JI ^jW"! inj _jl (j-A j_)V _)!__> tL_i__i__Lo 

LjL>Jl 4j_-La l_ijjj__ .4 jtji^tl 4oC JL>JI LM_>JI _ya ^jJJ 4_J_JLl 4_^jj>Jl 
ilflinfl'i JJl>j _]1 ^jU"i i n" _y_J1 4_J_>J I l^jj J j2j 4 1 _____ Jj-aj 4 j.j.^TI 4-j_cJl>JI 
L___j (j-Jlj 4 .ri in ViU LjLiJl ^IjjI cLLlcI ^.lc 3jJl_J1 L^jjJ (jt L__i 

.(Ju_fl (j--i L__3j_C Lc^) 4-j-LlLsJI _jjLJ1 4_i_-ij3j_>J1 CjL_JL_JI (j>a 


u 't 4_uj^_j T. <Doefschman j\ * ri.j ^jj jj__jJI ujjl>, jJs I jl_j 
jujlJJ "LJjVl L!vUJ1 Jji^«JI 1j-.l____1 Ijilc! j*>. ,mo ^UJI 
(Juiao^ i>SLftj Lajuuj .( 1TT ) jL_I 4 jmi^TI 5jr 1l>J1 "Lj1>J1 j^a ^jJI L}L>. j^ 

njl i ii jV 4 jiji-w 4 tCA y L*M->- cr^" J J ua->J 1 (j-a ) \ \A «11 (__£> jj >" ajJ 
^jJl L—jjl—u Iji— j * L|_*l i u n il 4 j 1 o r ^L^Jj < j i — >JJ I ^ " j o n j L^__u_>juj 

cjI .Mf.,l __!_. *i ^ LJI ^ N *Hole Jja jj_SjJI 14 L}L>. 

Cilj n^l L}L>Jl ^juk t*n t j j"i 1 1 (___ jLdj 4 jjji^H SLiC JL>JI L^L>J1 

J£ ^JJ 4 jiji ^JI 4-tX.JL>JI L}L>Jl cJj_>u" i^jJL "L_^>L>Jl juU_Jlj j-gill 

^jJI L}U- Jlc Lj^j !>___>. _^T(jSJ. (m) f jdJ L£UJI 

4 jr ,*V ^TI L}L>J1 j-a LAjjJo O^L> (^jJI t "Ll>Vl 4fljj (m j-L_>-Vl j-c 4_JjVl 

.^ T0 ) ^jJI L}L>J j__>. J*lj_. 4jaLbl <jjj <o, m..,U <__- 4jm*tJI 
jJLcj V ijla jJL»j <jf t 4jlj;^TI 4^j_*JI L}L>J1 ajjt 4__lUuJ <ya Ja j_Jj 

4jr ju«J1 L}L>JI Jj-fc_3 jl (jSULI (j>a J- ^r^J ^4juULI jIjIL L^jjI L>L>J1 *j_k 
Ju, 1 tu *l-lj JLjJua JjjL j <i r ol j j*jJJ 4 tlm a 4 j r *t -y. L}L__ ^-Jl 4 jjjj*»JI 

^LLstjj jjj__J1 * Ai<-iVi a ^ J jl V jj __.>__■ L$ji |»I SLong-term HSCs , \ j /i.j 

i jj_>.LJ1 4j_*j V (^jJI t^y-UI jAj SjuJjk uLl^ ^JLill jtiJI LAJuu 

*I>L>J1 ^ju (jiajjJLI (jjjj L5L> jjjujj 

4 jij ' f? JI 4 j r \ -*\\ 4_jJ_>Jl jAj - tj^jLS - LU ,\ t Lu» (^l Ljl^ I jlj 

L 1 jl&j 4|*jlU 4_LLjJ1 L5L>JI c-LLc! ^le. ^IjjJI \$-* aLjj Sjjlo-^j jLaj^U 
4 jl^ll ^ juk julj j-jUL f<> ^i^ ((^JLlJI Jj>. JjsLjLLI ^ jujuJI J« nlL 4_l_u! 

U"i 1 11 1 (j^jJI 4(jj 1 aJ5% . i.jj "LtjaLaeJ jj majj (j,m j-w jj-j-»J 4 j < j i I 4 j r jL>J I 
jl - j i".^U ^ - 4 jiji^tl 4_^jL>J1 4 jl^Jl Jjt> )\\\ ^LJI <L*ijjj3j jjfc 

L^ji ijut j_u: us ^jjj 4iAai 4j,„i r ti jIslJj^i l>uji 

4^LiJ1 ^ Lujl_>J LJiT^ljj JJ_j ^jJI JIJ--JI aUj L^b JlI-jj 
(jui (__- i ^jlr lili^i^ ^-Jl L>L>J1 i?jufc ji£l J_ : jAj ^jlU "LL1U1 4jr j-*JI 
L^-jL_ jJ^*; __j__ L$ji SHSCs Long-term Jjj-J1 jujVI cjL LM_kJ1 

^jJI L^L> »1 Ug _ ct Ut II 3j j _wa 4i_-lj_4 jt^j U "m ,1 " Vj (JJJ-JI < Jnr>"iia (__9 

S*WJI "LJLJI 


pjJl ijal y>\ gUU. 9 'k i r V 7 1 1 a^laJ I 


jjjju ^ 1 Jj t Jlj mJI 1 Jl^ j>-_ 2uL^.yi >U^ J «U.T! ^U" ^oJ 

j o tH CjI j ^JlLJ 4 \ n. U1 4 if,'l >JI L}LJ»JI jrU Lfc> jj} jaj ^-111 *Lijj-LJ1 
_£j1 Jj-U (___J1 4 jl^ll CjL-j-oIja (_-_* La 5 j j 1 r> n 11 j^jlII 4jj>.L-_5 --IjJJ tJjjJoJI 
^P-iw 5j jin^l ^JUa <__i1 j djufc jlj (JjJJo ^JUs i_li1 j ^JlU 4 * mi 1 4 4aCjjw 4_J_>. 

! JL>.JJ ^J j^?l 

lEmbryonic Germ cell (EGC) 3uj-^i^^j^i^^i-1 

j? j;jill jlj j ~*JI JL-jlj I — <a ^ys u Ut" ^1 4 j-LjJjJI Lj}L--*J1 --113 ^-J-j 

^ Primordial germ cell "LJjVl "Lj^jjj-jJI L!vL>J1 j^ l_)cL_>. Jtil* '>>j>JI 

4_j^jjj_>J1 L5L>J1 0 j-A OJL_>.| . Ljj-dJ j -4. 1 1 1 {jA «LJLJJI £_uL_u^M m£ j t>-oJI 

^yust-JI 4_5jj-3j M. J. (Shamblott cjjI. *Li jj-.-j 5U Jjj jL__j}U 4 li.iyjl 

L^L_>JI ^JUb (*iUr.l ^j-dLS- ^^jIjlc i U i nj l__jjJ_> Ct>oj tj i j (____ jn miIj 
olj L>L>Jl JLLa l4 a 4jjjlaj J>-lj-t 5^o_4 l_)1_-l-_Ij l_>1 j Lj*L>JI j_4 JuJLtJI 

.( AA )-^ai rJ j| L^jL^^ij^ UJ L5U^ 4 CD34 "U-ljJI 

1 ■ 1 J > IjJLa^-c j-l_uu ^-jJI 4-2-1 1 miII rruJI L>L>J1 Jo-b_^l ^Jk La j£Jj 

S^jlU ^m-mII *UJLJ1 4^jl>J1 L>UjJ Ij^j 
Lj-juojJj^ 4 t A \ aj 4-iL>.LJ1 t Connie Eaves j j njl ^j_£ 3jjJl£jJI Jj__5 
S jj_>.tll ^jlU 4 mmUI 4_^c jl>JI Lj^LWJI jr>j L_-jjL_» jro- 4 1 jl-_" Ja *LjL__jj_J1 

j-«j i jJL (j ^T- int ^ohr (j-oj jyaj (( j;j—-JI Jj-->JI f J) j-^J *U_-^ A !^ (>* 

L>L->J1 ^Utl ^l L>U>JI J,>> al ji ojl->.j t 4 jm i^JI 4--j-cj-^J1 LMJJI 
^-3 1 d"* v >jj ... rtY-H 4 U j mi*i L^jL 3 i o "" ^-lll LM_>J1 ^ ^jlU 4 1 M.lll 
^y-ij (jj jL-J 1 j< a ^ U£ ^Ui" V! ^lLjjJ- jSJ *4 j'n'f>H 4jx.jl>J1 L>L>J1 

4-4-5 j^ljjjj <"i j M Mi d (^-4 ^o'l'l j! JLAJ 4-jJI ^Ul" jl *1 J 3fcJ jySJj iL-*_JLj ^LL-jC. 

4^ MitU 4 jr JU>J1 Lj>L>Jl j_« 3 j j i ^ ljLo-^ (j^JI Jj 3te-u (jtJ-** i *L_oL>. qL>J1 *a 

. L^jylJ *>J-i^ LjLu- (^Utl jl L-AJ&J ^L-JLl ^5L-JI ^CJJ ^_£J (j-JJU t^jJJ 

^-jJI t4 jm' ->JI 4_j_C-Lj>J1 L»M_>JI jl : L^Jj-OJ IJLA (j-jj-i 3jj-L£o lL->. j-Jl 

(__J- ^ * j -w Jj jl-jlj jt j Mt" 4_LL_a jj-SLl * i U mi i Mi ii *i1 4JL>. (__Js jjS-3 

Jjj_j jj J j_« jjl o""iJ 4— >. jlu I ^ I ♦ 7" J Lc-4 tj j" 3hI1 (j-ii (__-j1jjJ1 L^-Pt-joL^J 


j^Cj^i j^ ^ji^ 


4jj__U 4jLJLJ1 4j^j_>Jl L}UJI £A i ,*ts> IjLAj .4_L-L>JI ^jJI L}L>. u Ut"t\ 
t"i m jlj 4__Ll>3 i"i i .m! ^-jIjjJI 1 fl o 4.LL __£» _-l ij Jj Juu 4 Jnr jl jj t^jJJ 
j-jiJJI (J>-1j_ a ^Jt j _ 4 jiji^M Q-C.'t 7J 1 L}L>JI jl (^Jjlj Lxwa t4l^ m 
4_Jj_aJ1 4 111 jii in>" CjLLljk CjI j * Jj____jJ1 4_jg , , t 4 m 7 f jjlo - 3j_L_U 
j? ^jiiL-Lj jj J jja J ■ <i V^ Jt rtl jl L^La < 1 1 U j LL « i j ae "1 m") *l_JL>J1 4j_Jj 
f jJJ 4 tiiMI 4JLILJI 4-^j^JI L^UJl o? c^i ^L-__>VL> IjLA .*lj__JI 
wjj^JI j^jU" __j L^jLj Lu-jI jj a"Ti 4 j iji^tl 4 j.r Jl>J 1 L}L>JI jpa 3 jji-LJUj 
jja 4i_Jj LajjJo 4 jU r jyo l-Ujlj 4iI_U t^-cLjJU jL$->J1 j-i - La J_>. ^J) _ 

• — L^_j jj_ i ____> j 1 ^ -— 1 1 

jJu jj "i ^jJI 4-jJI ( : 1 1 1 _> j I <a (j^t 1 j__jj __jj__> 3jj "1 ^jjl £ja ^_l__jj 

4_^cjlj>J1 L}U~JI j! \ \\\ ^L-JI Ij_L_! 1 « t-i*-jJI ^.Sjj^j j. *Chen 

___ £-«-*-Jl SjLcl ^jU" miI V 1 j__J1 JJJ^ jL_ jyo Sjjiwlll j-jJJ 4 tiirtU 4JJLJI 
jl JLjj . <_jL___4 jL_ ,___I1 jl 1 11 jLd j-<i Lgi-j 4jla r » Lt j ^UojJI ____ (__£ L^jlSLo 
jl ^jU" ..."i j j t jL- j^ Sjj_>.LU ^jlSJ 4__1u_JI SJLJLJ1 4 jr ,'v y\\ L>L_-JI 

JU-5tJ ^ jJI jl__ujV1 J? jL_J1 j-ua jJL__> L*K I _vSL_J l^U-jJl ____ (___■ 7- 7*1 

j^j*_J! j l-jLajJI _-_c L}L>J1 *juk 3jJ-3 l_J_> i^jdJ 4 i.i.ill 4jr 'i y\\ L}L>J! 
_ya ^-Jj-^l j»L VI i-j-i^. _J_L>Jl ^-JJ LobjjJG _ Jj--j (__!>- *5jjj!^ ^U-jJI ^__u ^jil 

LM_WJI ^jj ^jU_- ^l .3 U.I7JI 5u_; j_>Jl L>UJI __Jj -^JI j>___JI ^h^c 
(__-_ __JJ JLo-j-^l __]_- 3 j j 1 < 3jJL_j j-j 0 u L^jl l_4_? ^JlU 4 \ .niU 4 jr *\ ^.11 
^-ic L^jjjls ^-JLJLj t j^J_>JI j^_c j^a 4_L__>JLI ja-JI (J-wlj-4 ^LjI (^Ja ^Lt__JI 

(j__-J1 j,_Jj .^ TV ^ C_flj m^I __i3j 4L- ^^l^ ^jJI L>_>- ^IjjI ^uv>. cLUcl 

4ij t - Strains l_jV>___ J____a __j_3ej 4J_Jj J___LJL *-jj-_*j I jl-a j! j£j 
jc^jj _* 4j! j^jJa K. Sudo j-j-^ jjj-"jJI J-j» j_>.Vl (j-^tJI L»l » jlj_L_J1 j-* 

j»jJJ 4 t iir>U 4_JJLJ1 4 j r j_>J I Lj>U>JI _Jl_c ___- 3jl_jj ^^JLj- jt _>____- 

; j^jJl ^JU-J 

4- r __jVl L>L>. jjs 4 _J jj.1 ^jJJ 4*; jJJLl 4_uC jl_>JI 4 -J_>JI jL_ Loj-4-cj 

I j<Aj ,(Jj-_J1 Jj->J1 ^J j-4 ^--Jl JJJJ L4JJ ^j *L>L>J1 JJa-_l ^ 4 jiji>Jl 

. UjI j LM_*JI 3 vj.n 4j iji^JI 4jc j_>J1 L>L>JI jlJa 


p_JI u&l jo\ j>LL_9 ft>jr ^t»! I 'kAW I 


C^y f§^ll «*-_il «UUI m tell LMdl ,il*f_«il 9|M >JI *L_ttll 

(«JUj V j_*~T ^Lc iljU jl UL__1 (j__~ *lj_- i_->JI j>-L_J! jl__>. Ji-b 

4 jMj 4 j^jjj CjM-cLoj _yo L__*T u_L__> (j\ l_Ulc Ijjj i_-JLjuj 4.1-- j .,, 4JJI VI 
HjjJ>-\ _)_c L_j_jjj-_> Jl ir*> n *>lj i4_)L_JJ 4__-jL_» 4«-Cj-_-j -jljjJl <j-_j l_>I_L>uIj 
l1)1 jl <t t\\ (jjA 1 j j "1 -» j t jIjII ^JUb jL>u1 jl Jl m rt tl _)_C <L>jIj jlj_4 _j J^uj 
|«jj j-l_*5j I JlA J£ (Jj ( LUlc. I _L_ i J-bjoa j-_Lu __3 jJJu ^--Jl t£j--Vl 4jjj_>JI 

L}L>JI __jL_j J-Lij L_*ajuL_0 _n_> l-s}L_>. VI j__« l__jj_ )3__>.ljJI 4 ji^ll ___ 

(j_*J- i Ll->Uj . j j 1 ^ U <_--> _$t i4_^jl_>j JL_u_>JI J-Jj ^jJJ 4 nnilj 4 tc'\ y\\ 

<yt>\ ^j-i-- .__JL>JI j <ntH __U__-4L 4_lL>JI _-J_ jjjlj Lo J5> 4_Ja j . <> ,^TI 

I glt> __Lc LujJLS ^JLC ___b i< _>j__ __-_ J^Jl>.l_JI _-_■}-- ___JI l_)M_L_UI 

l^llt**, JL3 I A J Vi L___Ij < Jjl 4U <jl (jjJ _)_4 ( J____ t"i M*j iiitl ___> l^ i n £U JJL>U 
J in^ ___ L^jl Jl_-U .4_____>JJ ^jJI LjL_- ^l JJ I ^J 4 -w __J1 L_Jj-_>Uj L_jjj-4JJ 

(*jJ1 L>L_- jul jul g Ul __Lc SjjLja ______ r mi jT *__>JI _h-_J! 

L^jl Jj * J__a3 I ju_ ^j-u-J . Lg 1 uAi J J-li*"" _--C 3jjl_3 _ ^J_Vl jJ. 1 j_-J _ L^_l_Jj 
4___JLJ1 4 j r j__>Jl L}L_>JI ->J-b (jLfl ij-jJI j-L-j l_jI ua a jl_a _-j_ ("nrt -y- I jl 

^U-uJl _-__j j V*l "l 1 L. I itl Mj -4_- -- ^J-JjJ ij_- VI 1 $'lA fj$ M^jLij jJJ 4 1 * l^>U 

^JlU 4jj-Ls 4j__ Jl>. LjL> __ll 1 _-uVl ^-Jl *icj-__4 <±_Jj V tl^J LJojj Luj 
^Iju l_U ju 4 j j 1 a i|*jJI L5L> ^ljj? ^ j n >■ _-Jj Sjjl 0" ^j^i- 1 L*>L>.j *3juJL>. 
1 j__ l,,n„l jf d-Jb >L_ i^j C \\ jJISJI (jj-ll c_-_-L_JI ^^^\ jL-_Jl Ijub 

Jj-Ll-JJ 4_-L_L- jLoJI 


LjL_>JI 1_4J pin n'n ^pJ! 4 j n j^IL »1 JjJI J ^ > jl 4_j__ ud__ V Lo_4j 

^jlc ^Ijj 3j-jjL-o 4_a*>Lc 4J i ju__>J1 J_-Ij ^jJJ 2L_______JL1 4j_ILJI 4u__j_>J! 

4 j____> -JLi-ti (jl JL_u . j i " (___ p i ii rt r ~ Lg-Li J> -L_5_jJ __ic fL$Jj > <i n 

^lj Vnnl Jjju _$jJI jJLUI I j__ LiLb _rJjLt^ 1( jjLcj Vj jj.Kj V _>jjJt ^LJjJl 

^>L_Jl ^ LjUJI « jla 
_j? <_3juLja ^j-4 u "i Jl L^iijjjaj J. i Audet c-jjjI 3jj__-Tj r< <>** __U jJ 

^-Jl oljl___Vl JaJu _>->-_- j_bj _ gpl30 - 0 ^ tjOjjj .Uj if-ij 4 jln r 
4_j-_Lj j o" i uj ( Un*4 i-mmjI jL_J ^JlU 4 lAlll 4_i_- JUjJl <J->JI Jju*u - 4_J_>J1 
L-tJjLC _j_4 3j---4 L^Cjj __lc l_U ju *-____Le_4 p im,-M Lu_uf L^i-J 4cjjJLl _-_ 


jj— - _£_LJ*« 


ji H. iEma L-ul 4 i i ^LJI cjjlj^j / ir ^) LajjIj LgJ j t n * ^y* 4-jj_-La 
J)^.c :Ujbj Cytokines oLL^JVlj jjIjLi^I oLipj^j <j^>> -JL_a 

^Jil n _-_!! t^j^ j n cj iStem cell tactor 4 j rj >JI 4 j 1^1 

(j_ ^" m Sa 4 jl^Ji ^ Lal n')\ ^ljju^tj ^jl JJJI iThrombopoietin 4jj^jJI 
m£j--OM j tL^ 111^1 juo->*j u i r 3jjl_-1I L^jjJ <j L*_-^jl_vJ t^jLl* jl-^ (jJJ j 

4 nUill 4__y!jJU 4j J i Ijg II <__J1jjjj ^j-Jjl Sjj-i-O -r 1 n n J . ^ * ^ 4 r^t a 

(AGM) 31 o ,„U ^jJJ ,V,H a^cj^JI L^LjkJI 1 ^ jl-^jj ^l 
<"-,j ^ t ^L! V *j « c jl_3 oA? * Aorta-Gonad-Mesonephros 

ji" jKll <JjJ j£j 4jL,,L-Jl L}L"-JI^ ^Isjj^I 4jij'^ll 4 nWi\\ *JlA ^y* ^J-u 

1 4 *T U ' U ^J-^J ^gjl^itl U ij ^J-jJl 4_-ijIj_1J (~i i S>J \ L_JJjJ * J-J-3 £yA LilJ 1 _ 

*j--b (__-} j-^JJI J ^l .niVtVI Cji jU »J 4_~j}U1 oljL_-_V1 JjLu 4-SjjJd l-JJ J-£a 

. (m) ^.U^JI ^L__JI ^ Ijl>. SjSLJLI ^U^JLI 
L^LjJJ 4_^L-ail ^^Vl L}L->J1 4__uljju jjj-^T (jj-l_>L -*_i___j U_? 

4w4J 5 L->o <, iajSj ^ in <i i" L_ij_> 4_3j-__4j ^l tnt 11 ^ n*i J>J J ^jJJ 4* niiU 4_^_L>JI 
^ ^jJJ 4nnill 4_UL_L>JI L>L>JI ^l m,I ^yS ^j^LaLJI L-Jjj Ojj^ Sj-A-Lb 
jjl IjJL_>j (jiojjJI Ji-!j 3j j CjI j o^i L*>L>Jl aJJh lj_Cjj jrj-*-- *£}L-tJ1 
uL^ <-_-C jj ^J l^lc J-w_-_it J-^Aj UJ^ 5Llj>JI J_-u*3 ^-k. L^Loj 4-t-sj^ 

jJj-jj 5jjV| i i i "t^ 3jl_>-jJI oj£Lj^ j-J>-VI ^-Jl (J-JLj Lj*M — L_^jl__j t 4_LJ__ 

La_£ .L_tLij_>Jl Jo tl ^LjJI j__-JI ^jL-^J jJJju l_-pl jl (3_^ 1 j-Aj t 4-_,l o ^ll 

Jj__>JI f j Laj > ,n a ^UI ^jJJ 4JuA_LU 4^c.j_>JI L>UkJI ,jt ^ULlJI j__>.v 
IjLjSJI (j-c JULSU J____i 4_^>U ^LUj I jf?j ^^Jl 

L^L>JI jJJj 0 lr Ur ^-Js L__j1 (jjj-wLJl l ^ ^ ^Ijj (__jJI CjI i S tll j_«_3 
(J-OJ-4J __9j-jlj Ls JL_> JJ d.j^ t 4_cLII 4K m. a ^jJJ 4t i/^i U 4JJLJI 4 jr ,'\ -sJI 

■ hnij r.j^ Host- versus -graft disease l-^jjj- ^j^.i i ^jtWill JjUJI ^y^j 

t^jjj Lo (4_>.Mx. 4\xjLa-"n iill i4__c 4_i_^)_tJI 4jcjL>J1 L>L>Jl (j-a^jjll A , uy 
jjJjLjJ jjl '~ii"jj jj-l^jJI ji JL_u . jj-AjG ^LJL^ £5L*JI jj__b Ju (^jJI 

(j-c _jj_^j ^J-JJ 4__-__l-JLI 4 j r jl->JI Lj"M-_>JI t > J-->->i 4j! ^_^j 

Graft ^t InU -£j initl j^-^j 1 o ij J__-l_a ^jj Ij-A ^j-SJj ,(_____LUI jL^_>JI 

Lo .4-ajL3 oJlj La 4 j ,„\ .r.Vl 4_--LUI 4 K m, a (j_iJ t j j i< ^--> lj Jj ~iiU 


: j_>J1 U_iS^j>JLI ^l 4 j o^.lll Ll>UJ1 cLk-U _,} JjiJl __J) ^J^T 

u.. j__»J1 LM^Jl Adult Mesenchymal Stem Cells (MSCs) 

^(MAjUI) ^^Llll jLg_>J| ^L-llj^ ^yA -JOj^JI t>° ^ 6 * J <(---- 

____Lcl r jJJ 4_L-__11 4_^ju>J1 L^UJJ 4 , ■ ,,.;T1 "L_j___>JJ op* IjJ 
oiJa£j M7JL) _>__J1 4 jUr ___* l^al \V"i,„i l^-La i£>L__ S>j__" lj---! 

_£jJ-.SM (j__.|j_fl^M £>Lc ^ _ 4_JjJJ1 4 j < ^> L- _____ ^.U"na - l^al.fcV"inl 

jl — j-jL__ <j _M ^j-^J ^ij <j_«j . ^ jJLj 4___M_c L_gJ <.-,,,. j! (___J1 

(j-ujJiJ »-U-p» tfJL_J 4____ll 4_iC j_>J1 L}L>J1 _>~ jl__C^U SjUJLC ___ t jL_*_4 
^jJJ 4 n* ; U Ju>JI L}L>JI _,_* lflir j /t 1 1 CjI Lj_*JI <jry_>.LJI j-c cH>- 
L}L_>Jl ___* ___J1 _dl_j I g 1*ijl n aj ij< 1 U ^ Lu >Jl __^L_J! 4__-j__a <___ 
L*t>L>Jl CjI £_4 4_JJLV Lq_T 1 J-4-J I £ya 3j_»._La J->Jj-~ __£ _>SJ j 1 1 <j 1 mii 

*_« l^ tj g-w, L^JJjLLcj _ Ljj_>- 4 <n uai_-H _ ^JlLJ 4 iniill 4_Jj _M 4uc j_>JI 

__J1 _UI_j jl i^jJJ 4_L__JJLI 4 ir j >J1 Li>L>J1 l_4_c j 1 tU __Ll_i_>JI 
^_j _v*j I \ * ^j or jL_ ^j-^o j I Lojj YA aj r ^L__jl (j^J_>- _>_« __j_-.l 
JjjLJ UL 1 < < < rn*_ <J_> t( Jj_v1 (jLcj _jLL_w Jj t mmT Jj- Juj __Lo 4__j__a 
j-* ^j— >-! 4_-lj 0 r * "*__*_ .^L-UI (>a ^j-M 4 jij i^TI J_-1 jJL! <___ 

^jJJ 4 5 1*11 ; L 1 4_j_c _l_*JI L}L_i-JI __]_ _jLL_ j ,r.li __i L > _>_jjl1 o^_L>.L_JI 
4__«Ij_ L__j) -^llStTI ____ (___» L4J 4 t ^Lu-JLI ji 5jjL>J1 L>L>JI _JJ jl_^ 

L>L>JI Jj_>o 1_$j ^-lll 4_JV1j L^La_C 2L_ujJ_>j ^l ,r. n*iVlj j*_JI C_1j a 

. j___ij r^n r ,1 n n ^ jJJ 4___i_JLI 4_tC j->JI 
j-jJJ 4^ n.iU 4jr j ^JI Lj>L>JI ^l,V Vi.nl JjjJo 4_4^a ^jJ-l 4 inr 4_v 

Lj*>L_>JI _____ c-flj t " II jl Jj___ __Lc »L clxJl 3jJl-_ ^ju_c ^-Aj i^*>L_tJ! ___ 

(__-__- ^ Jjli J ,,. ___ Lu! j J_OJ (___I1 nJjJU 4_jj_o ^J_U 4 MniU 4_iC j_>JI 
4->jt iro 1 , j , (j n t j T I JLfiJ .^jL>Jl _)_4 t_0-~' L»5L>- __JI jjC __3_ _jj^_ 

Cjl 0 rriljlJ j_C_L__L1 J J t"l T I __JI _)-Jj i _____ 1-^JjJU __JI (J--J i i ^jlr __Sjl___]l 

_ JLl_j . 3 ju j_c y^j__*.l L*>L>. _j1 0 mlj j__ I 0 j iL-__"j * j ^ 1 11 1 j_4 £j_jj __JI 
v...> JiwL ^jJJ 4 fr . mmU 4ocj_>JI L>L>JI (>a jLi^L _;jLj ^UJjJI >o jjya 

J_uJ1 ^jU" , u"i 1 4__oL>- ^L___ulj jjoj — jlj n "r a _>c C_s_JL _JJjj t4j1 j _>_-Jj-U 

. 5jj 1 nj ("m njT 4j1of <jr*3 4 _y-*-^ _L__>Ji Ji-! J 


'kir \-*\\'kt[^\\ 


4 j r >J1 4 jl^TI _____ f__- ___JI oL_*j>LJ 4 j .,,___- _M ___lj_V_'l ^ _>* 

_ya JUJ * II £-}Lc ___- CjIj j <i (j_4 4_! o ~" Lo-- 3jj <i"i mVI ^jJJ 4 iVrU 
L7-^' (j_alj-*Vl ^-_>l _j_oj i(_ y _-L_JU jL$_>Jij j-jJl (j_-lj_«l L__-jj____- i(j__lj_oVl 

:4_^j->JI 4-J_-JL jJLlj 

tLeukemia & Lymphoma . o*jS3^?jJ\ q\±*ju«-\ 

\ n<i"t <Nj ^ ttLua-LjjM ^jJI L>L>. ( ij i n\ _£jJl ^jJI _jlLj___ ^IjjI JL_w| ^jb 
Lj^L>. (j-a j ji^ _.Ji__ ._3->.j ^Jj (JjJj Lo *L$j i ii 4 jU r _____ 5jUj m\\ 
. L_Oj->-jJ -.jjltnU jJ-Ul __ijjL*u JL~3 Liiljj oj^JJ itLuajjJl ^jJI 

£>__ji_-__^_* 

4 i r ,'l x L>Lt-i JjLp ,,m ^j ij-__J 4_Lii_Lll 4-x__ ju>JI ^jJ-ojJLl L>L_w ^UVi 

_ ("<--■ I j I jr I _ c__j^j3 (jjo (jr^J UH j_jJI (j_- lfl jlr J in -w. iS_UJL>. j-jJJ 4 \ niia 

_>-!__- ,^-cLHI jL-$__>JI _>_* L5___*J! *j___> .U <il t i >J ?r "it *-_LJjij t( j_a_-Jj <i II 

4_^j1 ~ cj! ij-r j_ul _-A_- L-_*L*>L>. ^j "i >_> oi- _*! j! jH\ L>L_- (j! ___ujj___U 
.(j-aj^il jH\ L>U- _,__ (_-_JI l_U_J Human leukocyte antigens (HLAs) 
^jJI ^LLj^ ^>Lc ____ ^jlU 4^ hcW 4_^_i_>JI L>UJI VI,,, I (jl__ I jJ 

jJj-lSjLj^ I j _gjl oj^Tl £>L_!1 JjjO £*>L*JI __j_ 5lxjJ__JI _}j__J1 j-l___-_--1 I * m tj 

.j-L__jJI (_-aj (J-Lu jl 

Jnherited Blood Disorders -U-i| Jl ^tj--U( u ->tj J .f.T 

___ij Jiu 4.jU t3 __JjJ .(Lo) 4_uljjJl 3_LU ____ JL- (j-_ £___ (j-_lj-a! _-_-J 
<«-iL_- _jriV iii _ya _ ^jJJ 4_1__-JL1 kuC ju>Jl L>L>JI _____ ^jlrtJ _$jJI _ ^L___JI 
; I-^La (j_plj_-Vl (j-- j_u£J L->.L Lw^Lc j j"it*i (j__jjll __JJ 

.j-j-ti^j^i-i 

Fanconi anemia ^LjSol-JI ^jJI j_-j_ _ 
Aplastic anemia _l-L>JI ^jJI j_a_s ji |-jjl j__i» . 
Beta-Thalassemia L-u -^j^JI ^jJI j___i _ 
Sickle cell anemia ^-lst-JLI ^jJI - 
Sever immunodeficiency jujljJI (^LUI jj_JI _ 


p_JI jo\ gU__ 6^_aJI _±i_JI 


_-l j_Lj C ___ i_j1j U,o*_H _>^lj cl) (j-aJ-l *_____-! _>->1j ol _ l_i 

4 r jVi j w tVi <__aj Jnborn Errors of metabolism (_u>J n ' ,»-1 

j fll**nj ii-j^ n "1 ( n VI Cj\ jlgr (_--* _u1jJ_u_->1 4__c j_1L i^-o La ^uj-j Jli- 

, 3j___L»4 -O _jJI _Uu <?jLj! 

i2L_Ut 

Hunter's syndrome j_-__> _>^j-~ _ 
Osteoporosis j_1htll 2_iLl_ _ 

? L____VI 51n mVi 4^U_^_JI L}UJ1 J___ ,<H r>UJ1 f > V m„j 

4__l_JLl 4j-C ju>J1 LMSJI ( m _ _^Lj-o.jXll £>-_JI - 4J)p3 udJjl- jj_ U__jjj 
L>UJl j_l t V" ,,,1 <jL_ I jj iLgJjjo II (J^jJj La t JL___9 _>__ 4 o __ullj ^jJJ 

SjULI L>UJI <,ju_ Jl !,■„,! __J1 uij^j _>L_JI ^_ ^jJJ 4____JU 4_l^__>J! 

_Lj >?u _U_ ^MJJ . 4 < ii n*i _>_ujJLl /ya 4J j 7\ ) a jJJ 4 n,?a 4 j r __>. L^UeJ 
f_ t 4jj„jJI 4ujjJ __!] -^Ajj qU ^Ua-JI _____ _ya ^jJJ 4_u___U 4j__j_>JI L>UJ1 

^\ *J1 ^ $ "i i j _,"<*-» ilin tcj t4_jj «jjl SjjjJ! (j_- L^4 _*JI 0 JLA £__) — sej 

4 jU r {jji l__j_>J1 <jj_ _>js i4_ij_i 5j_o _>__jjJtl __J1 L4J L_-_J ^cuj ^cj i( j:jLtt_i_JI 
.4___j _^_jjII L>U U__ L>L>J1 *_-$J ^LJLI J___J1 
1 J>l_a j__J I 4 '« j % « glj_ I _>-£ _3 -1 
4jjJ1 jli_j_L_ JlLa t£*>UJI 4 1 t , r> (j__j___J1 _>--a £jj-*Vl _i_ L$J J____jj 

_jL_oj___ I g Kj * jjJj__Jlj jloSLJIj (j_Lj^ L llj *_?jJLIj H " i,ijj_jJI dj-cj 
L-^jjJa jpo ^ jlU 4__i_ll ___>Jl LM_- .^M-JI ^_ 4j_L_I JjJ_JI _l_.jL_ 

_jjj_a ^jJI (HLAs) _jLij_5tjjj _ 1 ___ _>_UjJ,l j_>o L^jI 11*1 a (jjSu i.Nj-w i(j_ajj__J 
L^L>J1 (_, Intj ^J) i_>_iJj_«JJ _,__Lm jl_g_>JI 3j__ _)--» 1 t , r> " ^*j iLj*_>JI jJ__yl 
jj 4jlo r _J-u ^cj i 4_<q jL~3 jj-|_- 4_jLj 3j_L_J ^Ljj j-jJJ 4_L__J,I 4_tC J->JI 

S V j-J 3juj_v ^ j LjAj- *Lu \jr I J_bj _>_uj_1L Sjujl*. ^ j L>L>. 
S. SiJoshi . _>_! . __i_j_>. 4__aj1 La ^^L_JI 4__jjU !! <?___ ^_c ju L^o j 
4 jr j >JI L^UJI jl __J1 IjjUii ULl_- • * (*L-JI __e u "i -»_JI 4___jj^j 

jL_=v4 J_l mii> j j n"i "i (J|j ,11 II Ju_>JI J _p- 1 j_j <__3jJ_J1 |->jJ1 (j_4 ^jJJ 4 m » (1,1 


Ajf \-*\\ *ki\i*\\ 


jLLj_-_u L5L_>.j ^jJI _jL__^___ L>L>. ^j-o J£ jl___> _ j j-j_>JL1 __ia _ _jL_>j "ilt 
L^jjJ ^jlU 4____LU 4^jL>J1 L}L_*J1 _j! ^*4_u _l_ 1_i__j / uy ) ^jlJI 

.__jI_> ul _)LL>j_l_J1 L}L>- _-lc 4_yajjsc__ 

i Autoimmune diseases 2uj(-U( -LcLUi >«i _>Lc . o 

:JLi- 

. £jj miII *1jJI _ 

. J_-_L_Jll <-jL#_JIj J^jjjjLjjjJI _ 

Lupus erythematosis 4-u_JI <j^j-« - 

t4 i iui't Jl__>JI L}L>.j 4 y i u\\ {C_>L$j |«___til __C_UI jl^^ll L}L>. J*-w La *<_-_- 

L}L_- pLu 5_L_.V U^_>.jj ^jJJ 4______JLI 4-^_->JI L}L>JI *L*LJI ^\>"i ,„1 wdJjJ 

I JL$J Jj___ L_5j__vJ . I g i ii -J ^>_4J V _4_t_*J J_L__J _4__*_dj_J jl __cLit1 jL$->JI 
.4jC__>J1 4_ii>JI CiLal iViii,1 ___■ jLoVl JjJL>j 4__l_11 _>c ^Lfll_* >L__3 ^j--ojII 

i_UJ_32L>wu_jij *L__ci_Mc -*\ 
4^u_Jl>JI L>UJl J_* t4__JUI 4^cj_>Jl b^UJI 4j j_4_*_3 L> _-lc bUlcl 

^-ic L}L>J1 ajjt 3jjlsj t plasticity 4jjjll ji 4_jjJJI 4_^L> ^ t ^jJJ 4____JI 

Lj^Lw £j-J LoL*j jjL-uaj l__JL_*j4 La j i ■ i *> __9 L^L>J1 (j-^a ji-T £jj __JI Jj_3t_J1 
4 j ir»L>JI ^jub ____ l_l <i"i r I Jj-L *C_Cj__j_ij Cuu 4_j_5j C_j( 4_L« __lJI -» j i i.lll 

Inill (____ L^L> _-i___J1 4_ajj__j R. E tBittner j n j > Ji* _)j__>-L v V" < nl 

(> J? c-J__JI <_-£• 4__JL-J1 Jj^Vl £>Lc ur* f-J-U 4-lAlll 4_lC JL_yJI L>L_>Jl jl 
__j_- __J1 5 >*-^JI (jic ^jJJ 4' ;l,l 4_i_- j_>Jl L}L>JI l_Uj 2jJL_J l_U_j . JLi-JI 

^ii^'^ 4i_rVi j_4_5__r ujj>. ---o^-Jij <4-_jl_i l>uji ji 4jL__.ii ^ij^^i 

OL-.luU-II j.ntll L>L>. (j__3J (_-JI Jj-*-U (jl JLAJ I « J_^J jl L_lJj V AJ 

__JJ ^jlU 4__L_i_ll 4 , r j >JI L>L_>. cJj__>J I J-i v l ir>U j_-___jJI oL_- 

j--_uJI o-^ ob 'lO-^^ 1 yi-JI L>L- ^ljjl 4_l_o ^[j iCardiomyocytes L>L>. 

. I j_L_>j ... L^cljjL (jd«Lj__uJI LMi- (__JI l_Jj_*o L__l£^_C_j luL__II 

4_jc juv L^L> (j-« Loj ^LL-jJI ____) ^Lfc_u L^ j4 J__ (j-JI 4_jjaVl _ysj 

j_ij tMuscular Dystrophy 0 I.^> tll Ji_>JL l__j__*j ^j^ ^jJJ 4 «;<r> ^ 

JUJui < nt i rt (__JI _;jjJJ tjl t inl l _>_?! V i"i Vl __9 j^ lnj ^-jljj (jj»j-« 

.Skeletal Muscles 4jKj^H c J ^L___JI 


p_JI (jol jd\ gUcy d>oc *N->H 6tfl_JI 


J__>JL 4 ^ j i Mi 4jL__I J*q_>u t Luljj 4J jut^o jij_ _jj__-LJl ^ v V" . J LLj 

<j_aj^_« j j r ^jl iii jl___ j-£ j 1 j ohr L__L__j ljl__jj (_)L-__jV1 ___ irt t II 
_yo l -r J J-^ J Lo JUlj IjJUwj kL j_i3jJLl u \ tsi t II J__>JL 4j1 mll 3jL_J1 4j lj o tkj 
L^_l3 jfltVi Cj I Ju 4jLu_JL1 3jL_J1 ___ __}L____-JI L^L- _j| j^___II « n nVi j _uj*g__ 

-Jl_> _jl __L_ Jju ,(j__jJI) L_JI jL_JI L-ijjlj___- -juj_>. 5 jL^ r L}L>- 
4jl u-JLI jLLUI ^-Jl Cjj-jwU _____ _ ^jIm, II jL-_JI <jj» __ j__>J _-_J1 _ _j!>L_>J1 

l_3j— *_j ___J1 4_jl_1jJI 4 j ir»L>J1 _-_ Aj .4_____j L_)M >J1 £j_ j ^JJ ___Jj__>uj 

4___^___j E. tLagasse ^Lc^ jj-i-o <j>^' j-_L_ *j---i JLi-* ,( ur ) 4jjjJJL 
__-*_- . jLjjl^j j jr __j1jj (J__j_ij 4jI iri<i jL_ _____ 1 ju_T ^5_-__y __>jL>_> _____J1 

t^jl mi jJ^j jL__ (j-A ^JlU 4_____U1 4-ucj_j>Jl L>__>JI _>*- 4 j rt'i L>L__ 1jJj-C 
L$_--5-j ___- LaLxu 1j_J___ LaJ__u t4jl __J,I jL_JI __jjI (___ Lj*L>Jl Ju_ lj_t__-j 

<jl__ _£JJI ^IjjJI ____jt jjiii ji (j_j-4-- ^hj-^ -_- juuj .^J « '^yL ___J__JI 

JuCj . JL___Jl JL_>. JJJ-JU __JI (jJJl L_ - V i-SJI 4_)L__>J _ jL_II ___j V ^lntj 
l_£ JJI jLaJl j_£j L__ j Ima L>L>. _ya Sj-j-l^ 4_j_*-_ 4j _jl I JJL>-J JL-__J1 _>^^ 3 
4_j_C j_>Jl L}UJl J___J_ 4jl>- 0 * _ LMJ-JI _yj Ijl_w 4_L_9 4___ 4_L_ 0_JL_-f 

4-1^ 3 M. t K. Allison Qj j ll ^LnJI ^j__> _____>___, . tvv) ^jJJ 4_____ill 
L^L_>. IjL-j! I om tc jL_qjyi ^-ic __U_ -^u^^-L- r-* ^L-__ _A^JI 

^L-JI __i__ (jj.j.jlt J__a_a___ _>_ajj-ll Jn.y ___ ^jJJ 4- ___ll 4jr '> -vJl L>L>Jl 

,( U1 ) _jL__jV1 juS* __j_ L__ju>.j jl ijl_Jl ju^ ___■ -jjl>.j __U1 l(jMin'i 


jj_j_- jjl jjJo _ L-__jj__jj _y_jj_j 4 t -!_>. ___ _ Y * * i ^_L_J1 <jy- j i o i nj_ ___ 
L>L>. _yo j ji< jjuc ^L__y 4_ajj-__ _-, t jII 4-_ujJ_j Luc Douay ujljj- ^jJ 

4 ji n "11 4 t j J-JI» 4_L__4 __J_ 4 j __j 4-_jj ____ -dJj j t__j ■ ^ I j— <-_>J I ^jJI 

LiL>. ^L-jl» o^^- Y * *° j_Lu _-J_ i«Nature Biotechnology 4jj_u>JI 

L^L>J I _)j___~L_J1 \ V" M.l "-dJjj *»j i " ^I, I __Ja 4j_j-__u 4_a___>L dj-4_- |-_ 

4 n .1 4__U_-i 4lij _-_. Stromal cells LM_- j_- l__j!*jj 1( *jJJ 4______JL1 4-^j_>JI 

<rij -- _y- _ «:lj___-JI ^.jJI L^L> j_uj jJjI 0 t jjUII _jLSUI ____j _ ^lJ-uJ! ___j 


JJ^ ^J^» 


dJUjj i *L_s}L>.j 3jIj*jv <L>-jJj 5 j rtiLLa 4jjJuj j) ^i II 3 j <i -r 4 CjLjj51 a Jj-3*J 
^ J L}L>. 4jLjJ1 ^ 1 nUtj (jjJI *L>u"V1 <ya J-o.*H 4_jjC. jl>JI L}!>L>J1 gj-* .Vi! 
4 jl 4 f ^yB IjlSj i^jdi J2_j CjI jU r L^al l V*i ml ^>SLcj <4-3r JoLj g. lj-n 

. (uo) ^lj^l jujjtJJ ^Ll^kJL, £>LJ1 

Jja JuJuJI £->Lc ^j3 4 jf j ^TI 4 jl^TI oLalj. V"i .J tloJu>JlJ9 I jiLfcj 
J^a 4 *i i " a (jHLj^ i J-J-4->a <±j_jJL->- t M i"i jjj (j-a J-^J g *i ij V ^jJI (j^>lj — c\ 
L$jl La Lajj Jj W> ^J ljL> 3j jU^ ^>lj-x»l j-^Ll (±jjL5t_u 4jI JjVl : (j* n i » 
^hmiI f«J 3jLjJL>. 4-i^.jJjaj I m t^alj ^L-ii I t rt iVi^*i Lul ^LJIj 5 jJLu q\ ^jSLoJ 
jJJj *j ji"JI :3Ll>JI 4t jiU ^ djLAj .Sjjtjull 4_lL>JI aju* LLal m."<1 J_lj3 Lji£. 

. I jLa->. jf L>. (jl^ *1 j-l-u ^(jjl J£ (^yJJ^- 4-j1 Ul iii (juDj-dJ ^jJl 



J^ ^J^» 


IS 


4ufc4-^\*Jft-\ 

<*U\y*\>*\tf4*$ 

L_$j (jloj^Ua .^Liil gjl p > - <AA ^jjj ^ _ j^_> 

tjjLjJI j j i^ll L^La i JUu Vj u m-KJ V 4_j_>. Cj-IjLS* 

l^inii CjLjjLSJI dJL^J jlj .(^j_4->-U j it mllj 
jl 4-Jr I m a CxjL£ *.Ij___j tCjVI irTilj CjL_-^L_C (J^ V 

j__b CjLLjLSUI * juk jrj_j l-JI iJI ^j-SUj iSjlj c 

t^Jl tn"A\ jl j_JI j*JLCj tL-jjl i>>"llj -_-^L___>-Vl 

t^lj mll j_x_j j->-Vl (j___-_jJ1 I 1 1 r> n Ju 

)(j in^Vl cLoj 4_i_Jj pLaj ^ 1 jj-ojJj ^LLJI jjtj 

. lj. (jl L-jJjJlJlj 

jl JL-__iVl J_L« i5j j £ II 4-u-uj " li t, I CjLjIjj (j_a _ 
4jLl^Jj 4J* *__>. JUJL4UI (jUj <jl Jj 4j-4j-Jl jl Jjj_JI 
^jj V 4___j_3._ 4jj-jJ3b_4 CjLIjj_>. (jya 4_l5> 4___u_l>Jj Jj 

^jJ j! «cjI jIj nUllj Ljj j7vjtL£ ^j-UI j-^j>JLLi VJ 

<j1 i.ty r Vlj.oL-_-_jj j n IL-i ^jjJi-LWl j 4 -^ILi 

^Lia -S^J J^o JLi V» 

->j-_- <j-« ^jLj 4jL-l_>Jj ^jL^oj^U Ji- s l l JLUl_£-JI „ j^ji I jj, ^ ^Ijl, 

1 ^aUJI jjhL VI ^ V ^l cjUjjjj-JI ^jai 


7-jr \^M"<Vjl^M 

L^jLJa Lajj-___j L_j_i l_jjl>u ^J (jj cj L__*jj__i__J I 0 jla jl Jj i U n a 1ju_> u>-**jJ 

L--ju_-_,j t_jLj Urtllj Ijju-_jJI (jy-A^ L^jc L^i* J-^->' O— - '-H^-' ^lJu Lib 
4__ij_i-5J 4-___cL__j jjus-uu ->u--oJl (_-i!1 e*J-*^' 4-_o__jJl _jLul_J1 _>* 

4 mi rtt.l !L uli^i j V Jj._j1 jlj i ii U _)_4 j--~t < < i ii) ^V 4j%_ijj ^ I i Cj L t » J ju & \ I 0J—fc- 
Juc - <_£j_->.Vl (_-__* Jj ->"" JU-u -»J1 ___ 4__l__L__I Lj ±& J1 (J--JLJ <"iplr 1 jj 

Ljj_j--__j __JJ Jj **-"**> - Oj-l-C- jf _>1->j_aj 4_jl___>^M 4_3C_LJJ JL___*JI 4__.l_Lq t *1t i>> 

) JL__>Ji ___ L--uj-5fc_Jl 4jlof 1 Juuj 3jL__> 

j-4 ,V < ii ->JI 1 ju_> j)_C £_1 Ju _--cLL-1 (jnj "V. JJ_^J JU V (jLf> _UjJ 

juit-lj . <:1j i„ JL_- (____ 3j-__l-l_-JIj 4___j__jJl 4_jjj__ll _-LluL_JI l_LLj ^yllau 
__lc J__iLstjj (>aVl _.,.. Trj __-_L_3_j jj*> L« J£ L^oLc ____-) 3jL__L_ 4j Ju_u_>JI 
(j_uJ u—jj-c ^ i n^. _;1 (jl)> SjlcLSJI elxJt .4_Ldlj_II 3j \&\\ 4_}ljJ-3l ___ ijLe-SM 
- 3j_jJL___ «L>1 j_9j _ 4ulj__ 4_L-o 4_juj {jrH^ 3^ ^ya \ g _ 4_i __J 

I o ht4 .(((^JU-ck ___ L*}L->J1 CjljloLa _>>- 4_J__ J_J JJLCJ __! 1j JLC £j yC \ 

_) Hj J ^U _y8 JLJ V - L_J-_- L_jLi> _>_L ^J jJ (jyJ—^ - L_-Uj__i *(_,-_- (_;! ^jU 

t( j;jL-JI ^JlLjlII I Jl_ u__5jJ 4_ijeljJl ujLljjJjjJIj 4 j f,L_ll 4jjL>J1 _>! j j 
V ^l_i-u (_£jl_- u£' (J-js 4J__a LaLcJ JL__>JI (j-« ^JjJoj 4_j-_ J i>> *^Vl Jj 

*2>j-o_i JL_-u-*-U 4^U...U 4_>.l i„U C-J_> Uj .4-La ft l_wj Vj L_*>LLdI 4u_. SjuLe 
cj-_>. (___. j^ iiii" jl j_Tj o"n (j! 4u-_-.LlL1 (J_j_l>JI dJL-b (jri-C t <« irtll j)-^ j)L_b 
JL9J jljLC JJLtJI UJ- L>° lij-"^* ^1j->-Vl l_Jj-jJJ JL__>J1 (j--i La 

^L-jJI (jij-_L_>- J-Jjj3 j>a Jli V o-^ --J-J -O-^ 0 (J' t>° ^ "i -^ll Ji-Ju 
J_C 4jLq jya JLU V .jiiA, 1 a JjLC ____» J i.i ->JI ^lj^ I ^j 4 "w (____- 4__L_Uj 

I I tf *'-* L^-i-ujJ*iJ _)_-5 L^j3 tjj^_? o' 4-*^^ ^ 6,'> (-J-- 3 ' L_-u_>Jl __d 4^ 

j»JJ jljLA (j--C- i U fi 4 t". < njlj 4_-lul J 4_flJ__ iLAjlj Jj MjJ jl IjL-^J i U jj-ii-J 

IjUl .4i i in 4 <\ $ a ^ja L^J 1 j ><3 > t4-__T j g t II jl-JL-i __--_-. Jj 4___u jl j ^ mi jl 

4 J ^ _;jU>U jjjjl t-.niL-JLl ^rj 36 _-J1 (jlSLU JJ-> ^jJI _jL_* jl iL_JJ-JL_b i:.ni jl 

^LsjJI Jj-j-ojJ 4jL__j j_u>. j__ (jL_*j 4 4_icLfljJI (jiij j^illj 3jL__II ^L__>Vl 

4jL_w->JI j-al (jL- t 4_u_5 4_iL*_ JiJj Jj * jinr JSJj .V , ■■ >Jl __3 t j_>- JSJ 
4jjLiJI ^cjjlj_>JI aju- Jj->- J (jj jj • J-L>. L^j ^Ll_J1 i . 'U-^wj ^jlnr 5_jL_jJlj 
j-4-3 Jjl __-C.L_jo i UV ^ jJ_>JI _>_: LZjJl_>u 1 jlj . ^L-u^l 3L_>J JljJL^j a>1 i« a 


'_x___ll yjb\y>\ >Uc5 ktt:\^\ I LdoJ I 


i _U_ ^JJ Vj i^L^Li- _ya Jl"_L_JI JJLJJ J O ijj _£ j-i-UJ (jnjtj _)l JL> V L__J I 
*<jLa-Mj _>/VI 4_*J_j £L_jJ1 4_l__j SLl_>J1 4-jJ_ j-_J1 (jjl.^_ jJI (jJjJ-» _>£. VI 

0^3 oj t_A 1->jJ>- L_JLj__ _)1 JL-u i^jjl L_jL>jSLa J£ _, <t" ^jjl 4 o K (jXJ 

_--Aj . i V i ii ^tl 4_j_.L_Jt1j *-L_ijJ1 i___jI___jj UJ-^J-^ (j-^ jJ^ i]r\\ iML 

>$-tiij i^^LUI jl_4>J1 (jl^>. <___- 3jlL>JLI jjJ_>J1 ^^ja t *L_c_-LJI ^jJI L^L>. 
J___*V1 ____ tjlrt*! m U-Aj B <T jltl L>L>J1 ____ »1 .>>j Jl ^jJI L>L>. 

.fLL__J1 ^ ^ HSCs ^jlU aIAUI 4^jl>JI L>UJI _>* 
(_ajju 3^ *j»!j_ Lo _____ jl-___*JI ___* 4_i£.1__jJ1j 4_a__LUI jjj-VI jj.n" IjlSLaj 

jl 4_>L__.V1 SjuJ, ,~y CjVL>J1 »Im" ...Lj l_U j J£j *j_li___J1j j_L_a_u 4jjj_ij j 

J£ p 1 1 «ij ( _ r __,L_U jL$_>J1 (jl Jl_>J jljj-Lc . l _jc.L1I j_4->JI (^Ja j_j_L_J1 ~>j jU-- 

«___L__j La 1-JUbj t 4___L__> 4rtL_l >a 4j n Lu VI j_s1 Ju Vj 4 o $11 4" tL.iI 
_-____,! jU-jdJ L^J-^J (<^° *lt-- i£l * !vL___ j_uV1 (j^jjj__j 4jU_VI 
j£__ i4jjl>Jl JLm_>JI l_jLj_L_ Juuo (_£l i4_u__u __i__ j_4>Jl l-JJLj l___l>. * LLp» I 
Jti TJJ ^H-J-- 1 Lal i n y\ 4j?e__yjVl -_>L j5v a (j_a L-> j j C jl L^L>JI ^jJ-ju j i 1 1 j 
J-»0 LsLoJ u-Ujj- j Jla_> i glLaLuaj I <\ y L^__ __£} Ijujj * L$j1_- L_9j-t_J*1 LaLcJ 
(j-^lj-d? _)jl_-.LJI 4 jlr (jlU I La j--j ij-a-t-J V L_jjJt_J 4_La 4__u- ^__ ju__>JI 

. Autoimmune Diseases 4jjI jJi 4__LU1 

L__ul __ILi_> Jj ter _;L_ll Lj_4^J -_jL>Jl (jns frlj_cl __IL__> J____) (jj-J (jjl 
_L___>JI l__j___jj ^^j-iw^/l L^L>J1 j_____> jix_J LLM_v Ji-1 J (j_a ^jjj cl JLC.1 
___JI 4 o j -^jJI l--__Ij_»JIj 5j j U ^ 1 1 ^Li-JI _)-a M "i a 3 . ^y-j-^J I j j ^ 1. 1 1 L 4_1£ 
L__jl_tJ _ j__> L__Jj_« __U jv_i 4jL_jj ^-JlJI ___> (jjj^3jj-J1 4 i i n*t SjLj _)_a j_Li_ 

_j * <t l j UtH" Jj » -Lj (j_l Jj j r u fl _)jj___AJjJ__JI (jl _ L__1_JI (___! J> J-Jl 

_jj_o _$ jJI i^jij -^J I (jna j__iL_Jl _jt j i^ll _-_! Jl_>-1jJ_L1 (( TCF _J* . (j_j. l_j » 

j_tj Interleukin-2 _^_bj_Jj__j1 4 o _ul ^ ^jOjjj _>jj--' j-uu ^j-^j LLjjjjj 

l-jLjj^ j «11 L-a-iij 4j___j _-_5 (jj--i _-£ — j \\\ ^ jJI i-J^LJ- 4 i i j _j^jjjj 
3jLj _)[__ Ijdj . ^ , v m ^JI ^>l_^jj jj-3--j l_aJj__- tj^^J ^a_p1j^>J1j 

4__ti__V _5 j <t t ti (^J-JI _-^ I i i iii (jj_-J _j t j j U 1 1 4jjL___a (j jj-JJ JJ-J I 
< % n^> t II <j1 _$f tL;r c-LUI ji ^ 7JI Ci& \ _jjj-fjjj_JLfl .4 ir i—ajJ1 , 1 ,.i ->JI 

.JL_»_k1I 4i_LL- _>a Ji_u (C^JIj J_>j____J1j 


^Cj*-! j^ _^j1j^ 


4_jju gl jj L>L_- Lil _____u ^pjl ^jJJ LUuJL I 4_j__. j_>JI 3ul>JI ja J_»J1 

jtJjLj 4jjJ (^jJl _j__j^q_J I c 1 1 nfl j m -nl I _--3 3 JUl_ jj--> (j' f : ' T J Cr^J t3jUjL>. 

*L>L>. *L___c.L J-Ujj ■ jujuUI JUJIj^>JIj l-J__JIj 4__Lii1 ^l j_/. (jJjU 

__]] jl «.L-j-b-u j-j L>L__ __J1 Jj->Jj l_JL_A j o n tSj t j 1 1-aJL I _yj| 

. jJl...4__^L>. ( t mi\ J- LAj-J-1 __Jj jl 4j .1^ L>L> 

4__jj__JI ____. l__j 1jJL__ <^ju>JI 4_J>JL ^MjJI Jj ^Ljj Jj__ (jSUj 

tL__j_i_*Jl tjn-ij 4-_jj ^Jj-ojj l_-Jj__J1 jJuJI _-!_- (____L_JLl LjL^_>. L^j l_3j__l_j _-_JI 

.4j1j JU_->J! 4~r i.nlj L>L>> ^-Aj 

l^ -j i4___L_U LM->j ^jJI L}L>J j-p-jJI "iitl j__> ^L__*JI ^__u j i "i • j 
LM_>JI -rj_s__ .^jU 4___-_JLI 4jrj 7JI L}L>JI {j-a J___ _y» Lii9j-c. L*£ £>-*j 

t JUu <"itt iri t JL_ (jj-j <jl (jjJ (j-4 ^LLaaJI ___u _yi ljL> 3j_m_j CjI j q*S i 4_^L_ll 

L>Uj ^jJI jJj fL___JI <_____ ^jlU 3_-___JLl 4_u_j_>J1 L}UJL_ 

___u _>__ I J_xju _gj -r j *<*> _j u n i 1 1 (__i-C jl <; 1 C *_Mj -4u___J1 J 4-_uj-_J1 Lo 1 i__Lfl 
3j_4j J___3 j_b _- LtteJ _J_j__u jj>T (jl_wa jl j-i-I j___a__ __£! ^jj 4_ujjJl__ .^LtajJl 
Jjj t( jj__J1 _)__ ( . r 1 njj j— lSu _--->• jj t irJI 4jL__jJ ____IjJ1 _Oj aj 4_ljjju 
£j-i*j >L_U_9 . ^lj-C jM (j_a 4_j-a->_tj Jxw»J oW ---- ^ Je^J^ L>L>JI 4_J1 

^ ^jIj V Thymus 4jj _ . __J1 SjJJI _-JI 4__t_uj 4 7- l_>L_J1 j_j__. T L>L>. 

jJL___JI (j-L-l (___ Lt_iL_5 IjUjlj ^Jl_*u l__j>- 1 4 1 1 rVi _-_!>- j_>-l *(_--- (_-ic L^-_jj__» 
J-jl_>jj (jf^L_>. CjI j (jJ-C- 4J_ulj J___u j-^-LJ jAj i4_j_3jJ1 4 a j n a (j^a l-ij-_JLj 
I J_u * 4jj *h < n 1 1 5jL_JI Ji- 1 Jj ,<t4_jj_j_u» ^ 4 < nlj jnj ^ nll 4_i_Bj JL__ 4_oL__t 
4j iij n"i jj 4_j_4ji__ 4 jUr ?JLjj l_-x>- *T 4-lcLII LjL>Jl 4jj__uj £-__ul 4 j U r 
.l_uj__JI (Jryjj-jJlj l_uj_*JI (jrt_jj_JI (jrtj j j j o *i H ^j U"i . u j L^Ll-jJ T L>L>J 

-»jjj T L>L__>J (^--IjjJI ^-»L__JI l-_jj__jl. (Jjjjo (>£. j-sljJI ^ jJJj ,j;j___>_jj 

(^-juiL-u Vl l___jJLI ^j-jjj-jJI ^ o <iij (jrGjjj <Un B 1 1 JJ (jl JJbj t4 J >ljj 

jjJu _$jJI (MHC) Major Histocompatability Complex 4 r ,„*iVl jaljU 

i^ajJI _-JI _ (j\-_»e j"i*tl _ l_Uj__J1 p i ii -*<J1 Ji- Ju _^_ct__ . _L___>Jl L>L_*- 4 U i n I jj 

(APC) j r j V.>U 4_«jL_ai L>L_>J1 ^L l-s^ulj L>L_>. Ji-lj J1_J 
J__u_>Jl jrtujjj (j__j_-j ^u, 1 a_u j_u L__jjJu _-_JI Antigen Presenting Cells 


____JI <j_>lj-l gU-j <____jUI &j1_JI 


4 y i iM _1 jjJ ___jL-u_'1 L___j_U (jnJJjJ -JJju 4 j r I _ t I $ «E-U t n S-^iH^' 
(MHC- j*JJj-JI - (jrt-r jmj/I V^AJ l_*j_-j Lo UjSLa 4-_t-~ JL-t_J ___JMHC 

fu _voj lj_* ,1 ~* 7»j T L}L_>. __jb Llaj antigen Complex) 

i \ > ii-hTI _>_• I Jl-laj uuJjjlII I j_- _ya _)rJV"H J!>L__Il_" 4 n^jLi - CjIjU*-- _JJ_»_ 

. v > *J JL_ __9j 

jJjlj (^jJI 4_*___>_M J^ljjJ _____*_ Vl t__Sj_U (jrt-j^>J _jl jt-L^^j _)l < m iyjj 
.LLJL ^I^JJ (j ^ > T- i " i j-« < I" *»■ J t 4___>JL \ \ i u y] \ LjL>. ^ U i n I 

ji^r jt 4jj_L_4 L}1_- J__iJ jl Jj-j-3 < nj <i UTI l_*}L_>.-'1 lj_A __I1 j-^-jJj 
l(j irttj I JL>. 4_jJj_!s _ 4 i ii _j --— 1 jJ I j - L#_i I JLu . l_4Jj_— J i n*w _>-« J j < a 

c^^lj u4jVl 2uljJU! tfji^L-_-Vl anjjl^^^l ill 

. f Vij v Vlj 

^j3__ 1 1 o -hj j r j T j B L^Lj>. J__« 4 j r lill L*>L_>J1 ^in i ^jj jl JL_*j 

^ "■ > (j-_. 4_j_>.L J_Jjj j»jjl ___ _jl U MJ *_____>JI *lj__>J jt^j 0 ^jjl L_jjJlJ 
4_4J (j-— ' ♦ I j5_-J jL_0 ^_- jl LjJ__J jl j-ujj Jrt^ J^_*0 (j-UJjJ J 1 LjJj— 

Lt^J 4jjj-jlJI SjjjJI (__ll *J T L}L>. (j^t i JjL3tj __jj__« jj_ t <j — / jl La 
^Licj (jj-— ■ L _ul L^jL-j __u _>L_ (_J_JLj t4_t __L j jr ^ij____ 4 (^ir oJI j Lo 
L^L> I (jjj _yjjl 4j__Lt_j/l 4 njUjJI _£JjJ ^L. t^L__ L_^ u_j___uj *4JjJ-_uj j_u_ 
I d J lf ' U I" V JJ ii ij i -stlj (JJj-uaJlj jJ_tJl (jrU j j j o "II J^jU" l_J Vj t__-__ 
_ya JLiV IjJLC 4jL_jjjjj 3j i" t a 4 r u J___>Jt L^L>. 4 q ^L^LA __j3 I JLlj__ j-4*-/I 
TL>L>. Jt _j L_i3 4_Ljj 4jj"i t uaJI 3jL_J1 _jL_ J_tU l_flL_L>.lj )4 jlr cL___J! 
Jjl_j 1 ^lt-arj 4j j_-Lj_J _jl (jja _^t jjUTI (__jIjjJI \ $ o^LLa 3c Ijj t4-3r i>>LJl j_lC 
4jLj__w __9j __aj 4jIj_jj>. ^-lcj ___wj_>. 4_Lo __-_ ___!! t J_i__>JI __S C-Lt 4 Lo 
TL^L>> jit Minl LjLjj— I j i Uj i"m > ^ j-oj 4jj"it inll 3juL)1 _)? i_-jjjlII (jj«— • .—_—-) 

LjA_> J____j_ __j__ L^jl I ^j _ jt mm i uj _,_Jlj ijJul tl I {} j _ jt mm i .i" ^«Jl 

J-JWJJ Jj J__i_ I j__ _)_uJ . LjJj_C IjjLC L-L1 5j i"i t fl L^_4J>>L^JJ 4_____t Ju— _>JI 

TL^L-w ^jU"»_ ___ L_jjjlj ^ j-oj (^yjJI (j nj"i n"iTI JoLaj _)__ jujuJI jl___>JI ___ 

4j_ _JJjJ 4 > i "*i j ._j_*jj <",o tU 4_U (jjjJl JL__u-_>JI _-__ 4 jl _iUj 3_j a "U 

TLM_>JI i>jL_ 4jjj__ ___ Immune tolerance ^-cLUl _1 o ...Tl 4 jU r J___j 

^JLJU I C <_jlj____>lj ___3J__ 1 AJ t t L_4 ____>J_- OJLJKJ ^Sjj 0 "lU 3 JjL__JI 


jj_v _^JwL- 


L>L>. <__lJjJ 4>i'ii ^ U Jl6j ,^" A ^ ju«_>J1 ^yS *tcl__i1 ^i^-cw ^ l_jIj Uiiol 

£jj 4 U i nljj 4_l£ J m ~>J I (j-C. 0j_JJ-J (j n*C 1 jj U-4 (Lo J l>t T J? U -f J l n*1 jl Lo 
- JU4-U_>Ji L_JL-LUJjJ Jul*_> _ 2-Jjl j ">j1 U3 fl ^U-_>Jj (CD8 ^4 <Mj T LjL>- ^j-43 

L^__jJl_w| ^-jjl L _^-->j_-JI v il 1" j JL>Jl Ijub 4_<ojL-_i l-j! ^ll 4 jU « } "bj *»■ ^ « 
(J^Ij-aI ^-J- <Uj ■>> 1L diJUteJ La j_b IjLAj LjL_>. J t~s> 3jj g*Ul T L>L>. 

TL}L>. j m ii <-u_3 /Type-l \ - £j_J1 j< *U <LilJj JLLoj ,2LuljJI "i^LUI 
Lbj j " «". 4 j ,mL^_--jJI LLjj L^L_>. ( J_L>-LI ^yjljjJI ^oLj-lII l_jI j ) 3jj <i"L1 

L^JLaJljj I o jU >*i I Q n U " 4 (lJl1*jj 3j--_-j I g o -v I fl "i 4 i JU_u_>JI qjC 4_jJjjL 

cljJI (j"_>j-vO 4__C ^lij Lo_4 ({jllj i ii *>Vl jj-__J JjJLJ *>__) 1 ^"« jUj 1 ^rr < i rttj "l 4 

T LjL>. j U i " ('•■j-w ^jLoLajjJI JjudLUI ljL^-JI ^ JL>JI ! jl£j * U ^jSLJI 

-_Jj_-jj L4-vLa_*oj -4-v_wL^j_a (Ljj-1-- 4_ijj-_ Lgj! ^-i-i (J-usL-UI L>L>. ^jJJ 3jj_4oll 
4__-_jjJs (j-jlj-iUl j_iji_> LL_l_>J g, I * "mj (3jLjJL--_ Lq*-*1 ^-jLjlj ^j-ojjJLI 
<jl VJ .4-uljJl *LcLiil (J-oIj-a! (j-a 4->JLJl l_jVUJI lj-VJbj . 4-^j-JJ 

•U^Uil T L>L_>. ^-11 4-jjIjJI 2Lcmi o-ol j_*i J£L!__« J£ Ij>j-j -J o^LJI 

j-j-jL-a J*C m. i SjLcl , ii a (Jj->< J-«lj-C (_-Jl IJlA ^ <j i 'n t j Ij-c LoJj *4j1j .1 1 ,i y H 
jj__L£iJ j-^j T • • ■ j-L-JI (^a-A .(j*_>lj_-iVl i> j-Jb jj fl U (_-_a j—jjl i a j j r j! 
4_uj_>ojjbj 4jjIjj JaIj^- 4-^j ^ji (j-j^e-JI 4__Lj_ij Grossman . j. m ^U-l^jj-c 

. (UV) 4jjI jJI 4x.LUI (>l jj^li ^ l_JjL!-_ 4j1jjj 

t t 1 1 *1 l"l L_dj--_ JL-_u_>Jl (__J_ "LcLill L^L> (jl t j^_->-Ljl (j-iS JL_^I jJLOJ (j_iLj r<J 

-ui_>.j_-o l^lt-ar*^ L>L>JI ciLLJ (^-jIjjJI t^LLJl J_>.l j__J . jl___>JI ju_o U Lojj 

l-jIj-cSM -il_Jjl (jlJJ t J mi -*JI LiL>. (jja L^L*_j-_»1j i-^JjLsl ^j-u j-L4J V 4<i jV a 

J^cfl J--^>JL J>J 43jL_C^lj3L>L>J1 JsTu L>L>J1 (^^1 L .sljJrJI 
L>L>JI ^jjb L-jj^-il 1SL-_-jlj l^j i^i«i J_T_j jl>IjJI j . ■■ >J1 L>L>. c-jL-T Ijl Lli 

(jjC L_JJj_--j J-SJ ^JU S|C_*t-4-_JI (^JL__w>J1 (jl J*t Jlj (^ji>JI J-jJ-_jJI (jC 3ju-jL_>JI 

L*>L>JI (jL -Aj_ii-J ^jJI ((_-jIjjJI L^JjJ-Lo (juC lUJj--L _4jV (SjTnrtllj 4« uUtl 
^jjj (_-j-> ujLljj ^Ljj jj- 5 ^ Ly- 3 J-*-^' (j ^ 1 . ' I I f I ^ V 1 J*-*J l)I f ,'TJ 
(__-JI 4 i f Uil L*>L_>Jl dj-A (jjl .^<^r aj j*i ~i a J< ni i 4J l_-__L> (jjJI I ^jlo r 


j__j jlB 1 g j M i j In-^j 1 j j j ^ }L_- _jt Ju JU-__*J1 _,_! 1 i j t c Ljjjj-j ^<_>.L#j 
Jj____^I £ya _>ufjM _>__J . 4_-w}L__j 4_jJL__j _ya J^ ^J _-j1jjJI 1 0 3c -Ljjj 
_,Lc 4-La_M ^IjLi ^J nj (__£ L^La ^ 1 1 r> I j _> 1 u ■-! j__ Laj LflJ1 L-Ju mIj L-j, j j t" 
^jjj^C Vjl L_C_ _>_Jj ,L_JjJ j-^ij-« j-l_~ _-_> 4_j__j_>JI 4 jl^Jl j i4_>.j Jj__1 

J*\ m.j _!M-«J1 _-_ ^jiit-LuJLI 4j,nln".ll j 4_JL>J! JjjJ-J! _-lc l-3 j-t_L> ^jLiJ! 

. _}L-JI __£■ 4 j r j gJI 5uUJI V"i ,,,n„ L_$j __l!l 5 j . jSJI 4_3j 1 d Jj_3 ^-Lc 
La J£ (jSJj *4_jjI jJI 4__L-U (j_slj-aV jJoL_ ______ £^Lc JL^-JJ V ^Lc JS--xJJ 

4_u! j 0 j^Tl 4ujjVl ^jub (j-dj . 4JLf 3j_-j _>_>j-U i (?j (i -»•**■ t ( ri j <i V "1 U jj. j->jJ 
* L^jI 0 lr> j rtj 4__.L_ll (Jltl !rt 1". aj ^J^/I CjI K , ■, _j t_ jLI fl"J*_l — 1_ I J-J-wa t4_ej ^»" ...t I 

__u___ifcj ___ Ij__w j__j__$ jj? L^J ^yUt __Lj3_j3jj_JI L_a_xsj Steroids 4___ai 

3juJL__ 4_l__L>JI LAjIjI _>£J t4_L_j| <rtflj ^J-*l _,lr ^L___Jl j L^Jljjj _>->lj_-Vl 
-4-j^a, I V" r uj *_j 1 ^ tr jj_j_*j *Ljj_>_1 J*-3cj La-4 t J____>J1 .r> r I 4j__j (____ 
_ya _JL__ __Jj_> . L4-JI 4_tillj 4___LU 4j>-L_>J! juc _____ L^jj-4 JL__1l_jj 3j-__j 

3j___>JJj *__»L^_J>U 4_. u.iU Cytokines j--i^j"ij ...11 3_La __L__j-ba 4jj_>V1 ajj* 

,B L^L_w _ya 3_L__JLI ^L__>-Vl _>jj__J 

SJLJJLC VK mi< J_-Lj t 4_ul jJI 4__LII _>_slj_«f _)l __I1 jj-J-J jl Lu j J-atJJ 
(jjj _)-*5 _____ 4 ij n lj___c ( . rj i j_b La I ^ i n _ - L-Jajl 4 <i 1". sc * 4_tL__>l JjjJoj 

(_;_JI J>-JI ^j_L_JI ^IjJI _JJj JL__4j .(j7j---i <r»ri (_;Lj ,,.U 

(JJ- _H"3 t Jj__ _>JS Lj__il Lc_' t L— )j-*5 JUJ < U> <l4 4 J r jiLjj^ i . 11 L-iJ L^L>. ( . r J l r>J 

Multiple sclerosis julUII i__L___JI jj_i JUu .SjjUJLI L>L>JI _,_« Ltj-ic 
1jJ_uj .l_iL___cVL .Uj-nJ __J1 (Myelin) ^jj-jjl 4 niU j r,.<^ ^U-rj ^jJI 

_)L_- i4 ij >j L-a (jl__« jl JL_-1j j-__-jJ I ^ **mL-_>1j ^j-^lj-^a- 1 ! ^ju. 4__L__J __ll 
___ _>_J . L__u1 j mi ja £^L_JJ l___L-^£ L_JUJU>uj 4_L^__u LgjJI Jj-__jJI 4 jU r 
__a J-La _>ja j__£l < ij __u __lll 4_t_l jJI 4_cl_JLI _>_>lj--il (J-sjlj l_JL__> * JjLoII 
4 j____c (j_<s j "i 5» I < <j . r> jT i V " cj j_^u9 LlipUS 4 mMI _>_>j__a jL__a t J____>JI 

j_L_1 j__j iL_jL_____1j jj! _JJjl£Tj jlUJIj J-__L_I1j .^tllj ^".jKTL, 
___j »1 .>i rVl jj t " tl Ijub . JL_>.jJl __J9 i_4__ -_l,v j _J1 ___ Ijl ,h"*i1 

4-vjj 4 ijtj J_- 1 j j-uaC JL>-jj V l__jjv t Lt <^ L^j>-!>L__ Jjljjeu 4uLu_JL1 (j-TLa _1 

.j-ryUJI 4J1 


J^ ^JJ^ 


ftjr \?H'frjl^ll 


i rtj^ l__j-_u _)1 JjL__jj > 4 j r Jl_>J I L*}L>Jl (j_a luj " _j ^__9j-__ ^Lc J_L-_jj 
LjL>JI (j i m^J Jj-^>» L_b L__jJ->. j mrt ) l-3j-_-_j ^MaJI (_-_- L^al l V"< f nl ^jSLc-j 

.^M-JI <_-_s L^juuijIj I # i ^ ij 

^laJl 2_cL_tl <>t >4l £ jAa <_u_ f Jil ant.U.I iU_- j-«JI 2Uiy I ^ JLi*I__1 
Jx_v 4_ul jJI 4__L_11 ^lj-al (___- 4jLj-_*VI <j_-Lo| jJuu L_uL_-- Lj£o L*_> 

Richard Burt jji ,« ".jj j>-_;jJI JjL->. -U- j-^j * j j . ..j j__l__ lj_*5 1$ %>L-- 
Jaj^ £>___ ^ ^jJJ 4«i ,i,ni 4_^;__>J1 L_;>UkJI f liV. ,J Y- - f L__J1 

:^L^ (,0,) ^jJI 
ij -*TI f->-L$- (jhcLlII jl 4 y\\ L>L_- _____ »1 __ 5TI :i__ej gTI 
L>L>. __!__%_ o? ^jUmm- Uj ^jJJ 4^ A«M 4_^_l_>JI L}L>J1 Jl i „,lj 

. 4 t j n- , j 4 o jl r (i 4jX.LLa 4 njUj Cjlj 4j_. l_La 
.4n.rt*i (j-Uj-JJ ^JlLT 4_u___II 4_u_ j_*JI LMisJI (___* :"ujVimi11 L}L>JI 
4 i_>l — _-, j_aj i—i I j a— 3tt 4-1 - *(_,_- J-Ls _ (j-s-jjjl jJL-stJ : CjIj U^JI 

JJjj jj^s 3 j j > <s _jL__Lj I 3 < I V" *^ HSCs ^jlLI 4j____ill 4 jr j >J1 L}L>JL 
L}L_kJ| _____ j_>Jj fu .4jj*jJ1 3jjjJ1 __!! ^ LI__JI ^.ij <___ <_____• Vl L^L-Lo 
4_i_£lLJLl L}L>J1 ^ya (____□ fU <£jjjj (j__JjJLI <j-4 j»JLU 4 * 1« U 4_j_c j_>JI 
(j_4 j-u*>ULL 4_j__iL_5 CjI j ci<i ^--Lc Jj-__l_>J1 JLaj .(jj-itJ ^j 4 j- inLill (Jj-iw^l 
JjJJ 4jj_J JjJ )r (j-ajjJLI 0 Uij 1( j_ujJLI ^jJJ 4___Jll 4j_^ j_>JI L>L>JI 
^>L_U (jiajjJLI (j_>j__u LLl>.Ij _ 4__J (__-3 3jj_wjJLl 4_t_bL_JI 4_±_:LJLl L>L>JI 
^JlU 4*; nnll 4 jf j ^JI L}L>JI jL-0 ^ .4 LJ5JL4JI (jj n^"T ^L_jl___VL 

Homing 0 li^Vl (jlsjll ^-Jl 3jj_-JI l___- 4 j ,^>L_&jj i(j_ajjJLI (__JI SLSJJLI 

(L_L_JJ L_JJ I4J (_---JJI 3 j VI a J__-_i_JLJJ J nl 1 -J L_J__Jbj (|_L___jJI (_____ ^JJ L___-jj 

.1 111% V j t i _j . 4 -r iXL 4 0 j I . ii 3 JU J_>» 4 j c. LLa LjL>. (_-JJ jj I o ~i ! L tJ-pj 

. g, I miTL (_- \ j L__j__tJLa j____>_j L_ijLs_jj ^jLaTI (^ycLII (?jL^_>- jJJJlj ( j__uj_LI 
J 1 U j ,j1 ^l -r ijj 4Jj g 1 11 ij (j-L»j <_LjjJI (j__j_^ 4JL>. (____ *r *4 j U Lo I j£L_bj 

. ^jJ-Vl 4_i3l jJI 4-2. LJLI ^lj^l ^ja> ^yS 

(_-__ 4_iLII LjL>. (___- JL>JI (ji j£i_JI l__-_j 4J1 _-JI Lub j inn jj! jj^j 
Lo jljlj \ _ ____ ^IjjJI \$y * L j-j j_u Jii- j-- iT LjL>. L_o j j____>JI 

jjO _J JJJ— 4 5LL>. (J-uJj - 4jJ_4jJI SjjjJI ^JI L___*-J-_>.J ^LL-jJl ^j-JU (__J_ L__jj_-J 


j-«Vl -_, l__j __j__ ^jJJ 4 1 mw1,I 4_j_;j_>J1 L}L>JI _;5 ^-Vl L!vL>JI 

Lj*L>. j_L__ 2L_j£Lo jj ( L <i ~- i^Lj^litj (j_ujJU £^L_ LuljL- Lo l_J I J j*i-~ j-->i 

jl2 jlIl^j .}L1_- j3Jj __j___ J_L_ 4_j__ La ^.JL-JLj iJJ_- L^j L$jl_ 4__cL_ll 

J£L__xa L^Jbe-Jj t|uL j-i-T jn>nil ^jJJ 4* ilill 4j-C.JU>JI LjL>JL _jl t" uij 
£•-!__' (j__uj___U I J_v v_ujJ- m, (j_« L}L>JI <?Jufc jJ~l _yo JL»V L___jI 4_lL_II 

.Miu^jJljJI j_>J ji __>/_l ji 
cAm T H J2>L ^Lcj^ ^jlU 41AJLI i^j^JI L>UJI L__ul -_u»j_k_-J U_ 

jJL-ll u^>JI J^ju jL _l!j ^Jjj .4_uljJI 2LcLHI _>__! j—-- 1 ~-_>JLj_J 
4 jUll _ (jr;jj_M JLJ-jL | _j__J ^ ii-. i r. ,,,U ^ _-_*$ 4 j r j__>J1 L>L_kJI 

(j__»J 4__jjJ_J1 dJ-t Jjl___jj . 4_w}__ jljjl j____JI __3 _ Lua ij_->Jl J 2L__ j_>J1 

<___!! ~_LU ^--bj iCytokines jii <j "■ j ,J\ "jLj j^b *UJI _ys jjJL^LJI 

4-_jjJ_» J-u_u9l j! Jl-wjj .CjL_4_JVI i ii > m" j CD4j T 4_cLill L}L>. Ujj-aj 
<*l 1 noj ^-*J__T Jjoju j_jL>- J 1 "■"> 1 ii a _rGjjJ j_ju JL>- -i} jj- * L-jjjLj <=. LiJ V 

lj n " 1 11 a ^L—JLl Ji-JU U_> jl L^j__jj__j 4j_*Jl < J l 1 nfl*i L_s _ j_j_j*"i j 1 11 T 1 SjLoj 
IjL__jo LUjjjj (j_->JI JJJJ _)L) jtoLI ^ "(V-M _jljL_J j_£ L^JU fl jj — 4__l£ 

JJL_j_ _ (j_j_X1 ^LLI ^jjJLI j _ _ I I (jjj—j L5> _ Lg_ tj_uj L _> l____ j * 1— jj __J 1 °> jLl 
^Jjj! jl_— I ^^L__ (^Js (JjJ_J1 & j__ <-< o v V "1 1 nl j__j . Lbj_t <ijj L^j jj_—>. (j-« 

.Murine lupus \£ jJI ^ j^» 
! j-»^» E^Lc ^ j»jJJ 2L-___UI ^j-SJL^ b3LM I ^1jJk-L-w1 2l_j>1- -j>j-c 

^Ljl-Ltl^LUl 

4i>. j-ja Jj__ (ji-jjJLI j „i-w (j^ ^ jlU 4_l_Ui1 4_4__ j_>JI L>L>J1 j_>.5 

JLJjJ ^--Jlj - 4 Je ,_>LJI 4_-LJL1 L>Liw JL_3 4jjjL 4_1_u- -dJjij ^jL-JI 
Jj__ae_) l_ua ( j_j___k J-L-u JL_-__>J1 4-__L_s j-c J-L-J 1 jufc J_^ — i ^ ia (j_s^L>Jl 
4_5t_1j ^C—uJ (-U1 r^Jj1j_>J1 (j-A L.JJJ-J CjL-Jj jrill J Ijj j j_ , \ \ 4___»j__ JL_u_>Jl 

j-4 j i", t j I j_bj iSj___ JSu 4_lI_ ^ri yf\ (j| i *• i j 1j jL_ i Jl__>J I ___ 4_C LJLI t t , "r> 

. fJ _J 4l__U1 d^jujJI L>UJL j-^UJI ^ 4JUJ1 4_ujJ_Jl ujjj— (j 
4_A_ij_>JI LjL>J1 Jju>u ^-Ul i(j_»jj___U J--JI L-lj * > a ^L__cl 4 jlo r L__j1 

t(____L_i VI 1 ^"l j ) J-&J i^U-_J1 (_-_U L-OJ j j «U 4_C jlV - tjjj T " jJJ 4 ^ ni*fl,1 

L__ lrthVdj il^-r ^Ljj (__ L_c j£Lo __3j (ya jlj_i>Jlj ^_jj__>Vlj Ja_*I iSjL 


j__jI 4jkjL£j * J**-- 4"<lUa < " i -s" j j j i uj 4____ (___ _£jJ1 i^LtJI (__3ljjJ1 j-oLj-JI ___ 

4__jl 4_>L__ Ct\ 4_jj_<sjJI SjjjJI __!] u _>ju ___J ^Lt___11 __oj jjLu jl 0j-_> 

____ jjSu 4^1 JUllj .V n.-»JI jru £jj---JI lI_j_>.j <4T-ir>L_l Sj^pJl L>L>JL 4-LUI 
Jt y \ (_--.L_JLI jl 4 -»JI L_j1 jjl jlj n 1 mV 4lVl kJLl 4 jU *Jl djufc jj Jj__f I m.! 
4_ul jJI 4_i___L_JLl (j__1 j_* _ 1 JoL__j <___> jJ_ 3jL} __J_JLc, , J__ ,1,,,^-JJ 4__L*JI 4__L_JLI 
jljl jJl jl jf>JL__' jj-u ^-JL-tLj )(j__uj-ll jJLatj 1_$_jo Li_l _ (j_ijj__U jyo _ ___!! 
(_£* j-ja__>J L 4 j t-Llo 4_>j 1 aj_-J_ iL_)LjJI l_)L_u1 iA a j_o 4_l_- Llo 4_>j 1 n n jl 
___■ j__L Lo L_oj_>a jJLu jl j-4 Vjl_J_ 1j___bj ) >L_I_ 4_p-L__> _>Jjt_) 4_}L jJl J___u 

.3jlj___> jl__Ij 3jj____- j_i_>l jj-Cj j_i * j__--T ___! _ _---LLa (j_oj_4 j^J_> 4l_jj 
4_____JLI 4_x_^j_>J1 L>UJI jf ^UI 4_L_ _>*____ V LLjl __J1 4__L__VL I ju_ 

4_*___>L 4__L-Lo L}U- Jj__^j j-JLC j_v____j V *(j__ujJLI _yi 3L_o_JLIj 4_j_^__JLlj j»jJJ 
_?JJJ L4-4 *(j__ujJll V 1 11 y __Jj 4_jjLj 3j_>o L^JL-Ol jLjlj l__j__j t4_4J_JL_ L#_) 4_il ir\ a 
. 4jL_> ____ 4_ul_ 3jjo 3jjJ__- J___ijj i(j_5j_»JJ 3jbJL>. jjj jj--i _-JJ 

?tk-_V.t <i_y-_-__l 

LM__kJI f 1j_i_-l 1 t.L £>L_J1 4jUr .L__5I U_jjl>. j^jJULI *____- Vl juk _>A-j 
Itskovits - Eldor jjjJI jj-&jJ1 4____ Lo ^_.j l.. 1 '?'" j___f ^jJJ 4____I1 4^ j_>JI 
___ L_b____. _>a jJl^l j 4 j .V» 4 jf \ L>1__- __i V>Ll_ ^ v V" ...I LojlLc. Y • • * ^LtJI 
(_$j_>J Embryoid bodies 4_L>Vl 4 _ j . _. .„^1 _____ L^ Jj___>. ^ii tJ j "^LI 

(jl L_U_ JULS ^LL-L-ul ^J tL_J>L_JI 4_i-Li_>Jl L_jL_U__J1 (jn- L_i^L>- 4j^L>. t-u^ljJ l^l^lj 

LM_>J1 ^ljj? JSr, ... .1 4j< jl-u . (0A) ^jJJ^ __UL1 4_L__j_->J1 L^UJI^-JI I^^j 

^JlLI 4l____JL1 4_i__jL>Jl L>L>JI (jl __4jjj_11 _>_-_ iljL^J j_L__G ^jJJ 4____II 4_t__j_>JI 
jLs 4 j lr j tj_j___>JLl (_-_£> ^inrtn _* (_t;j-__J1 (Jj->JI _y» ^l |-L____JI (j-a t lj_<_i 

.(jjj_-l 4jr j-> Lj_>- jj_c-LJI ^ >>'n i.j L__ij___ 1 jj „ J_aejO j-±C. L^al \ V" < nl 

-LJljJl^LUl^lj^l g-^Hc, ^^jm i^JI ^Lu. ^Uigfc?l ^l-LWL-wt -T 

j<Uj ^-Ul 4 j r JLsJi L>L_>J1 (jo/lj ____ 4 j'<ji>JI 4_j___ j__>JI 4_i_L>Jl 

L^L_>.j ^jJI Lj4__> (____»_ 4 i^ V _ 4 4 ni _ i <a 3 j j _? L^L_>. __JI L^JLjj_>u 

_va 4_o_c j_>Jl L^LkJlj 4_j-L__>Jl 5_j_ j ojjj-_>JI LM_>JI Lajuu __3Lj ^cj .4___l__l1 


4 jl^ll Cjlj jo* ^c-a! (j_aj .jJsL-JI J^-LsJI ^^jjl l_Ujj tL £j «_J1 Jj-->JI 

(jl (jjJ ^j_4 4jjjl_> <_jlj__aJ j m >« 1 1 (__—! 4Jj (j « n i 1'i ii'nn'i L#jf 4 j m ' -sl I 4_j_c JU>JI 

5 V |»l 3 4 j I (II jjyJb Jjbj iLuljj I <j jl r t__j * "II Jfl n.j Lc^» tj j i-lll L$Jj— uaj 
t 3jua->JI 4 j r Lill L!>L>JI ^JL^J \ i >■ y\\ «U<it c-^be ll Luljj I fllj 1 ti 
(jiajj-Ll <j-ujJj *j--*J (j-ait—ii <j-o 4-j-c JljJI L}L_>J1 Jl_>- I 4JL>- ^-S l_JJjj 
<L?r m\Vl jj l i ^j^a (j-yj^-J 4_j£LU oLj_>JI 1 fl j 3 J-Ljlj ^jL L_JJjj t 4jlj 

4_JjL2 j_l_1 4jm^II 4_^j^>Jl LM_>JI j\ [^S .o^j^-I MHC e^jJl 
Axc j ^JI L^UJl^ 4jVJLJI L}L>JI ^ Liiljj Lkj_Ju ^ 4Jj^ jJ-^^j 4Jjj-cj 

.^jJJ 4iAUI 

Stromal stem cells 2Lu&Jl»ji UjjJ-_Ji u^ti* fij_>JLJ JT 

L^jLSLaj ^LjojJI (___j t_JUj_Lo ^Jl-wI i4-j-ajj *i < ..II 4_^ j_>JI L*>L>J! ^-Aj 
OjI injjJuj£LJI jf 4 j '^jj i r> C. L^ >- ^__I] jjl o "") (j^Aj . 4 j_j9 I l_u( 

Luj iL^Lo ( Mij jl___3 1 4 c L-_jjjuj l__jjL__JJ1 (___ Sjj_vjJL1 Chondrocytes 

(jl V). 4 j r j_>JI Lajj " irJI L^LjtJ J-udLoIIj cJiJjLuaJJI CjLI fl **i H jJLu 

<ys L>UJ! l_Uj ^jLiti^h ^LJI ^ ^.i^JI 4Jtj>j Allay J. A. jjlSjJI 

^jiJI |jla 4i_ 4 K m. a j)l Jlu . ^ C ^ 4J3jjtiil . t . yl I 4x.LU ^j-a Jjulj jr>^ J^j 
LuLc (j*M ^ i hj j /L>J, I (__- lfljlr JoLa_>JI j l^jl i lL-uI 4_>jt <r> I Jl_j t LMiJt ^j_4 
.4jjI jJl LiLII (j^l j_^Vl ^>Lc ^ l^aljV" mpI ^LjI 
^j . .i I La : 4_oj1 < ii II Jj_i_xdJI ^__ ^1_l>.jjo ^ jjl J I j i ii 1 1 JU «j 1 *jj sacj IjLAj 

S4a£.j_>Jl L>UJI 

Embryonic4 ji j;->JI 4 jr j >JI L>L>JI ^ I *_>-* > 1 ...^l ji j_^Ijj 
^-k. Jj .n-Nll ^ L_JL>. ^jjjjLL jrtiL>LJI j^aju 4_>>jj (_-]] *stem cells 
Universal donor«L»Lc I jUt u <* . ..j 4 jmI^TI "L^j_>JI L>L>JI ^ ^jj 

4jj__>u Lcj VJ j <i ir>l jl JJ-a-1 jl (J^jjI jj^J (3ju9 V j i**i Jl jSJj ^LJI J_J 
.Utl (jjkjjj 5 Aj 1 1 j_4juj 4jj i^i lm II (jil"» j_oljl (jjo L^L>JI #jjfe CjLLl>. 
4 jItJI (j_c J in LdLuk Jjkj (jjIdj— a r^l j>i J<ii"i jl LgJ jiJJjJ 1 i £ LaLu 
Jj L^L>JI j^j 4 j ?* JoJI jjju>JI Cj jj_c J_uoj9 di i Li-J ^-lll 4 jijj >JI 4j r 1L>JI 
^LJI u Utll 4_Jjj_*Jl 4 jr j -*JI L>L>JI ^jut . j-Ja_Jl ijyj L^LJj L^jj-^c jlaJ 
L«l LtUj t^JJj .51 j >JI Jjjo ^Lc L^L>> CjV^L__ (__!_. I $1a J--ia_5tjj I flj ^1*1 


frjC-->J 17^1^11 


OlIjjjjj {jC jjju lfllt V* 4_ujJl>JI 2Lcju>JI b^LkJl ^yS i—>Li^v JL>oLj 

MHCs 4 T _ujVl jil^il ^L_J_M L-^jil 
L>Lx ^JJ t jljjl->JI ^LJI ^jj-jIJ 4jUL>JI L>LkII *jla Jj t T\ ijy» J_U 
^oju )<jua LLui I fl jlr V ttj Ju_u_>Jl ^jiJa i JLi_u_>J! ^yJJ jL*j ^j bfe j j r, j 4 j f LLs 
jjJ I frUx (__JJ L^L>JI ^ iriglj i4-lc 4_jjj-C. < " i mm Tj 4j 4juLj L^jI jJojJa i4JJ» 
ljsLSjJ (____. J-*-*j t 4 jmi^II 4 jr ,*1 *»JI 4_iL>JI ^-Jl oLLl>» J-*Ju jjL j) .^LcjJ 
1 1 <j i ii aj (jj_ J J .' *** II Cj^ 4 *r mhSH jjat jJJ (^-j-iL-jSM l_4_jJU oLLjjjjj CjI m \. 

£_____! Jij-j3 4 7- <n*iVl jJal j-JJ ^«--jLt-^l L-t-jJll oLjjjjj ^jj V ^LlJLij 
ljj^j L«__* pL-l-ijJI {jj* L)>L>JI dli-b l-jj_^j ^LJLj .(3>L--)/l ^-k. L}L>JI 

*L£j (^ja 4jjIjJI 4x.LLll (jlalj^l ^.j4-w ^ jnlWi l-UJuj **ljL_.Vl *Ljj_>JI 
i4-II L-jLijlit^ JiC ^-lc J. tlL (j-aj^l j 111 1 a (j5tj L-jij^ij lIu-u i<_-j«-T *L_Oj 
t^/i Jl 4_J-jjj9j R. W. lOsorio JJJJ-L-jl jjjJi-Jl 4Jjlj3 La iUm .nllj l-LAj 

mr *ui 


£s5 


M 


k <jja ^Ljuj ^ull^j (juiJ j£^J1 (J^J_>-* ul 
<j^u£. ULp-l J>-Ju Luajt 4j_iJ mUS^ 4jL-_£,I '^iaj 
4jjj^j ^^Ja CjjII 4t m"i 4jj nf iSjujui 
^JLjj .tlJjll 4jJ (jiaj-A *5j t i j i r tj_x. LaIjj 
Jlj La 4j! tjjgUj V 4_LaIj L-4-j-pJI (_*jj___JI (jiwjll 
^Jl_JJj) (tjtljj jJfc (jj rijj 1 JLa_> 3L__>JI (JjLiij ^Jj L_>- " 

. ^JL>J ^ OjL>.J 

SLL^II *jl_a J£j _jl j___>.Vl *.!_* J£ Ji__* 

4_fljL-llll LuDj-ua-j^ ^CjLajSL^Jlj JjjJI cJ t -w 
_j£. ciiJt-JI L$Jlj_*i <j_-i CjIjLJJLI ^jn n LfrLa 
^ j innH 4_SjjJo (jiC <**i-it jt I j tj*v i oJ I _>^jJ J^iLc 

*j j mJ I tj^j— * _jf j^ljJlj «^J^I <_y-C L$J 

<Jt 4i£J <jVl t> £h >* 'u^lj^- <>- , s 

j_jI — <-u j! ^nh t — a ^—Jl J — Iaj ^Jl 4_iJ Jj t^jlj 
j g i ntLj 4J JLjj \ $ I t *-r J Laa t JU u_>Jl »1 inf I 

L_$" V_ , 1 t 1 . 1 * V_ (»L1j V I jl« -yj j .^o -J _ „ 4 ul _j__ 

_->____- _JJ _L__J?I __!_. __£__ ^it _y. .»_,-* -^' 


0j_jj _J _J1 jj 1 j__ _§J_5j iL_jL____-Vl < . r j i J?>^ I J 4-ilSLllj JUu_J I ( ■ > j m' 3j_il__' 
< j j <i ^j ^j-Lc. jr_j (Jj-jsj *-* __)j-LL_> (j-»j— * J^J * L_$jI j 4 j i n r-JI 4 ji o t I I ______ 

$LLJ-_J-_-J jl l£LLo jL_C jJ (_-_—- jL-ujJ (_£l ^-_fc 0 (j^irtj ^lj IjUb (J-ojJI 


jj-jJL! jjJj <riiVl jj_-j_A (_gj "iind ^-J- J-Jj h. (j____— ' j-^ 

<_,__ luJLw La JL>J 4-r jm J-^jlj V ^-jkj ij--Lj< m!I <___- islctS CClls LjL"- (j-A 
j__L__J1 " ■ " a ^LojjI __]J _£-jJ -4-4 ij-i-T < . . j < m 1 4 ae j"m jl jrjJj-__uVl CjLlxjv 
jL_-_jVI , V , _■ y jL *}L___4 LLj-_l_> jJj . Li^LiJI ____ 4_____>j 4_jj_4jJ1 4_i_£_j_'1 ___> 

<___■ LjL_>J1 JjL-Sj -tj__J1 Ijla (__-_) (jrt n.ll jtj i(3>L-xi___. j j u I5x . u ^j-> J-i^a 

4jj_ajJI 4____jSM 1 ^ l"( <T> 4 n h. j£> (^_-_j ^-jJI _»L_d1 L-^j-jLI jlj t jL__jV1 , V . n ^ 
L_-_uL_Vl ___J _»LJLl jlj t l tjs LjL>Jl (^Iuj ^-lll 4 nj>jJ1 4jj_ajJI CjIj jt u.tlj 

tUI 4-j_4__* (_-__ f^_L*-_ll _>L_JL I «j mj *f a» jL_a ^LjjSL-j j_« 4_i Laj ^jJI L-^LL-u 

jj__4j___ 4-j j-j-Sj I o £ *4jI j t jJj____jVl jj_j-j-A 4_I_jL__j 4 7t n. J_> __J1 J_~|jJ| 
(-JL-UJj-J*. Jl <1 U - r«l n i j *LJ M-cLk _ 4 jUll »1 it,f j__3 VJ j-t Ls jrjJj m\_l 

_;f __JJ Jj__wjJI j-o j<,mII __)L__jj__^ j< o r> liLIjuj _ 4_J-iJI Ji-L j-_-JI 

LoJUljj ♦ 4 4I L-i 1 1 ^L_j| 4_l_4__- I * ^ j * ^ *^ i 4-4-^-4 <___-!_> j 1 ^ 1 1 j___j ' — ' 1 *— - 

lJLLA jL_" ULLa I J-L&J tL_.jl inf (jiij _jLjj__L_u j_a 4_J1 Lo 4-lL>JI J_-Ij 

^UL « . mL -^l 4_5-u-4J __3j i«A (( (j m j **n 1, 1 » jJuaj r«J 1 . 3L_- _JLl_ C_jl_j j-u—J 

iLj_>J1 j! t (j_--_-J1 _»jl_> jL_L__u ji ^_->Vl jSJ .L__-uLVl l__-j_5-j Ijla < . i j < nj j__j 

J-_l-uj Jj 4j_L__J1 uL JlLc. LjL=-J1 JjJJ __j_l_i . L_j_*-j I M.lnr jjJj^oJ ___j-_-i 
Ji-Juj 1 gj r j j_- t, 1 j tlj ^JLI LjLi- jJ-u jr— - ^j-i^JI 4_>aL__JI jjSuj * I $ jr J 
jjLUyi (__-__. 3L_t_~ ^ jjj -CjjII 4 1 l-u __-J1 l-JJj i jSLuJl 4jj j j r [4 j^L-a 

) j_L__Jl jjj j_4 

^--^J- LjjjJ- 4 rt 111 j-_ 4 1_4_! ^i-j c -_L_j 4_>Ju JuC JjjJaJ ^Llj ^>-ojJ,1 Ij-A Jli 
(JjLL-U V (jjJl tL__J_U1 ^jjljj _>J1 jnJj in*iVl ^Lul Jl-__l3 .4j uL-uj 4-4J-JLB j ;"(«"> 
_ 4_u1jjJI 4___JL_4-I f 1 _J_- 1 '^J ua->. - ^UJjJI L->J i(Jj mi Jl jrJj -_uVl LsL-u 
l_j1 JLjJj_j_JI ^Ljj jL__-jl (JJJ-L j-C- -JJ jj ' Ljj j "<*V Jl j-^a jrjJj-__-jVl ^L-uJ 
(____ Jj________>J1 f4J Ljj j -l-LJ1 ^j m ^ J--L ^-JJ jrJj <M*lVl jrj--*u 4 — ___L__>JI 


c_jLi_c, jj*J i (_gj j " ^ t II jrJj ( ii Wl (j r> n i j La-^a 1 * j mi <Uj <jl JLju . <j<J j < n >Vl 
L-___ujL-_uj t < j Jl^j jl j^_jj_>u» u o i _j 4jl <ir (_--Aj jj£-_-L1 j^jj-JJ 4<i^4 SjU^-. 

lju_.j posttranslational protein modification «4 rt >j-i!1 juu La tlryjLH^ 

L}L>. ^ 3jj_>-j-a j jf ^jUIL ^-lllj i4^j>LjJu^1 4< im.II J>>-JJ VI V 

j_i_-, ( jryJ j__-_jI) cryjLh 1 J-*-^ tjjj-JI .( ^ oT) L_-j_ij_-JI 4 Uj __u L^_p_LJI 

^ it <i ) jl . (j__uj_U (^yja ^j-art-j I o i j-v. 4--> i> m 1 1 4 1 njb j ^-Ja jujj Lx_4 *£-___> L 

4nK"ill *_-jLw (jJI l-i_t *j_i__>JLI ^-Ja 4_t3.jL>_ lIjLsL-^Ij cj>Ljl-u ^JI ^Ll*j 4Jl 

.-Ls-L-.y 4jj1 i^vi 

juvenile - onset diabetesjiType 1 diabetes jL-u-aN^ jiL_Jui-i- ^ 

( ( 1 rt M £j^>~ L_JjL_5SJ jJ*J ijj-L-JLJI jl t ir>*1 C—ll l miII J Jl -t UVI t ij irTJ jJfcJ 
j___j 4j l^*i<rw--g-a ^-JS IjLiJj . 4 i ui > _i-_-_>Jl LM_>- J_i__> ^--cLJU jL_£_>Jl L^L>- 
^jj_3 islet CellS jj-=»Jl L}L>- jl l___o- t LjI J j)_4j Li-____j( (j-4 LLuL j_*__ 4jI t 4Jl9 
♦ (j-ojJLI j^!r>jj ^jdj-w-J^U L^jv L_jJ l__1_.j_u ^-JLjJLj i4_m_jL 3j ->" j a l^ < n<*H J-l2u 

Adult-onset diabetes ji Type 2 diabetes jUSJ^ ji___Ji *i_i_ Y 

LieUjLj 4J q\ __*_> ( jjjJI ^ JLjI^) qI <i <»Tlj ^j-L-JI jL±£ LJL-C. ( . j trt\ jJbj 

f-l,V V " iul j-C J ( ,l >Jl 3 -y _U 1 fli J L_JJ_J*J £j-J1 Ij-Aj iL-uljj L-lJjL-C. 

j-lij Loj (jlsj-ll f-J j»jJI ^--S jj-CjiiJI 3-iLj tiJJj ^j-C ^Ii'^ i3^L_i_-j t jrJj--_uVl 

. t L ,t c jpo 4_Ic 

: jrJ >_i-jVl ^l i \ ^J.i nt - \ 

ijVl ^"i j< i „11 *ljj ^ul j u nj n--. ^>L_- j_« Lo 4_jJ Jj__u ^ U 11 j_dl jJI 

I j J ^ Lj jl ^j-at-J (j-ojJLI Tj ^ ^j^-Cj-jJL (jiul uaX\ ^j-jo >l__i jl VI 

* L->a jj CjIj_-j 3jL_C (j-dj uulfj\ jLxLj ^jl < « y j JjVl ^J-JL (j-i-UjJll • (j^Jj---uVl 

j___-.| jJJ J-Si J (j_j_-Jj___J I J »1 juiJI p j U i"i j ^ j " I j (^-jL-jJI ^j-iJL (j___j^J,1 I c\ 

4 >j "i Ju J__>u (jy-JI --j I n r 1 i 1, 1 j^ mll (j___jj-_>o ( . 1 1 y _u -ilJjuj k j^Jj____jVl 

.j->jJI (jj- jj-^jiiJI SjLjJ 


^j^ 


\ir\?H\il*ll 


i^Ljj_k_-JI 4-eljj - * 

^j_-_-JI *ljJL -jL____4 jn> mi __J1 ^ jl i n ^jr^ V m> ^y* JjaL_i (j_/Lj£uU J--U 

juj J-LJI 4 jlo r 1jj^>-i /AT Laj^-Sj jl>.1j ^Lc juuj iTypc-2 £jj 

3j j ni jlL <"i , iijl 4 jU r j> Jl_> J--J1 4 jl o c q\ VI .j_Ll_JI <_>^>j-* (j^lj-cl jlr 
4 jlo f i Jj < J____B 4 i t , rv j 4 iiKa <"< i n jl 

<"< i n jl 4 jl n r _>^___Lj_4 lLjjJLI Jj i * ^j^y mi ^jjo pjl i ii ^LjJmj ^lc J j irt ^11 
j i,rtt U 1 1 iii-^l I J___J 4jjL__4j 4C.LUI J£L__4 ^JUuj I JLA Jj2j i4l^j im jl 4_>.L_4 
4-«jLi_4 _ya i U i jj CjLvJ__ij 4jj_I jJk _* _-j__jJJ g Vjjh j t* i nj Le_4 iJUJL>J1 
jJwL) (jl (j-aJjil ^JJJLIj ._-Uj_-11 (j^Lj^ mII (j-cL-ll j-4>JI 

J^lj-cl 3 JLC jl j <j miI 3j_*J (J-ujJj 3_j_>JI _£Jua __C.L_11 j_4_*JJ Jea-J-LI *ljjJI 
_-_ J->Oj 4j>L_Li — _j j<m, H *lj ^ £j — >■ JL__3 ^< l-J1 (j^Jj — - Ui^L? 1 JLJJ 

Cj-JJj^C j 4 (^? JL___ 4 J 4 ___J1 ____u_>JI (j_jlj_>. 4_)jL=fc-4J 4_cLJLl Cj^K mi 4 

JUu/l (JJ-U JL_3 J_J_>- £j-J (j-0 _>__! i4 j> ir> oMSa-_4 1 Jl_u L-Ujuj i4-U_>j_4 

)5jjj__>. _>_£ij Sjij___ 


tislets cells Pancreatic -u^b^Li-Ji jj^ i_£U> ^-ti^wi-r 
(j_iLj_-juJI L^L>. ^iiiTi j____J1 *l_u i^tj-4 ^^Lc ^l_JoVl (jrtt » j_>o 
( ( >ot ) ____LU .Uj ,v. 4jpi j-4 -__i>. __J1 L_-o. Islet Cells ^j-__->U 5 r rJ.I 

^jkj - (j-cLlil jl g r 11 4U j"i 11 4jjjVl ^-j_j i^Sj-lS 4K.m 4J lj^>.JJ ^l 

L^J ^ii ____> jrUj P ___Vl _yi 3>j j i< -_>! j o< ^-Jl Lajjjli ^Iil>u . Steroids 4jpl 
jjjj ^-JL-JLj 4-cj_>--L1 L!>L>J1 a jla J-bL-T JjJ_ L_-_c. JiUj I-laj . l> __j_'I 4 jl< r 
4-_jj_3j James Shapiro jjjjLi (j__<u>- jj--^jJI ^ »4j_>.i_jyi L^LaiC ^ 

tljJI (jt^j-a tj-a->- <j-5 1jJ=t^>-> 1-Jl--> (_;__ Lj_Jl 4jLaLu • • |_L_JI ___! -r jll 
4 y -J-LI Islet Cells _^-Lj £ jJl _jjA_>. _ya Sj j i $ c-ii j 4 i_j Type-1 ^^SL-JI 

Glucocorticoids cl> L jj_p j j£ j£" ji_J I ^ jiicj 4jjj1 LiVinia _ j^Jj m.\>U 

Jj___>.j ii_UJ_>Jl L^L>JI ikrtlj V _--->• JL-_u->JI 4-C.L-4 _ya < U j jj j? Ji-J 
Jj__a->J1 J-^L_ju4 _jl Vj . j< 1 nll (j^jwa (j-alj-cl L_bj_3l ___C C__U_>1 3jL_4-4 jjI_- 

4__LUL1 J_^l___i_4 J-4 ( mhL-LI L_-_jJI ____J L.niUl jnT m.H ^j-4 L>L>Jl aJJt 

,^°°) ^lj_-/ __> _-_c ^LoJjJIj ^----jJLI JjjJ JI_u 


.Ductal Cells^bji^lSL^^Ilauil b^UJI-i 
__i_. __>£!__! l-Jo Tarek H El-Metwally <_-JjiU JjLL j>--jJ1 J.n>. 
T • • v ^LlJI JOP. J Pancreas _>_Lj< ij II 4Jb__- __Ja oj^li ^jLl» 

jri o l — <jj V " i_u — a ij\ nll _)_«Ljj_£__j <_jjl zk jjl (j-aJ-J ^Lj I 

o^j _>-- ^lj_! _>_->* i ^-M— c Jsa -dJjj *Retinoic acid _»1jj L "jjJI 

4J_! _■>>> J-l-w- 1 C.j.-- .4Uf *L_t ___a <J j_4__ La P.j ■» 4_*j _>_-! ._>_LjSL-JI 
HjrtJ (jj^oj-gJ _ 4 j niljj^ '. Jl 51 inM 4 iU il,l - L}L_>Jl £»j__> jlj-3l _--£ 

j-1i V V "i i nl JjJfl L}L>JI -»j-_- Lj__wjJj_L 4_<_ljJUJ }_£j-_-_'I L_Lj_~J__gJ1 _>--jLJJ 

jjLoj 3_L_,j L_$J <"m.i L}L_>J1 ^jla _)! 4^jl^-jj udjj )j " jjJI 

|jl>. 4 V. - L}Li- __JI 4j_L_. LMi- l_Jj->jj Dedifferentiationj! 

I oij"- 4 ijr Cl__jJI _,_! I i j n <a j ljj"i a 1 ju_ J JLij _L-\j <j_ j ■ m *) _*l ___*__! 

L>L_t_J ^jl-JI jju-_JLI ___. Ductal cells __^Lj<__JI __lj__Jt L^Li- Js ^LLi 

u i j i y 1 1 ___4__J1 4 jU r ^LLjI __£i _JJ jj tjgJj . n >Vl Lg-Loj -jLj-j-j-^IJ 3jj___l1 

(jl _$! .4 o inL-^JI oUjjJ^U 3jj nll Acinar cells L>L__- _JJj___j . jiLJU 

I __i-J JjJ_ _ <_-jlj>II I 0-f «L_-jj Cjj^ JLS jrdj___j>LJ 4-r"ijt,l islet L>L- 
jrio v _>__! t4 j . nL^ $ j Jl -_L_J1 LiLitJ 4__aL_>JI 4_Jc_iij_JI 4 jU t j _ ___l_g_J1 
l^lt-wj 1 4-j___ L>j *v j i T I CjI j_L_JI LjAi- __£< 4_ae_4j^J! 4jUr J_cl_) *_>. lILjjj-JjJI 
jj__u L^L_- __J} J>j1 o ~m j ig-LUj l£J--- (J- 3 -^ _yo L^lLL __5 La j_b J-JJ 

Lu l_4_v jJjj .11 L^jj *<_ (*- tllLij- l4.g -bLgJI CjLojjjyi j>--» (Jj_>.1j (jiJj <ujV1 
. 3jwU_c L^jI __-t < ■ ■ t . n 1 1 jJb 1 j__> JaJj t4j»_BjILo jj_CJ 4 jj-r f l_jL___-_4 _)_« I ^ j4 

(-Lb CjLJj- ^Ac l$;j__-=j 4_ji>. (_;l __a ___1jjJ1 -4jaLj_JI _j! \ ii" r 1 ___L)iJ9 1 jj 
_>iuj _____* LLic jij t4_j__- YY • LjJj-jsj Lajjl__ jJLJI i ___>JI L^Li- ^1>! J_^ 

jjif> _)_- JljjJ L_- ^lj-i-^/ 4 j iiiLlc CjIjJLi j_-j-_Jl__T _>->L a Jjj-jS _>_- l_j1j__J1 
L^Li- -Sj->*J l-J1 - jjLhj 3_iL__l _)_- <±jJL>. La _ _>_x»_Jl J-^j! Jl_IJ . 5u__>. jJ j__u 

LM->- jru jJjJI oLoj-iT 5 j_L-La Islct stem cells 4_j__j_>J1 jiU j^j^ jj-_w 

j_a _ ___L-i_ j__L_l1 ___j_L>J1 __-«Ll_Ji 4 j U r ^Lj! __jJ1 _-Aj i 4_j__u Ljj^LLjJI 3L__JI 
L^Liw _)__ < rt1"i "t- j j_j_a_Jj t3j \J y »1 g < r> L^Li- - j o <ll ___- (jH__>J1 ^ Jl__j 
t f 1 1" 1 g < j_j_— j Jl l— jL L j _ >J 1 4— j_wjj-j 1 j__j L^j— L SjJ L i 4 * ' "L ^ L— J l BLL— Jt 

.° C ^ 4_jj^I-JI iL-^II 


^j^ 


4jr \j\\ *ht\*\\ 


_,i*^ *J t L__^__J ^J iii II (j^=>>U I ju^J JLjl-3 £**>Lc 

^cjb L-gJs )< . ij aej jj& u i n r l_jLj J_ ^ i ^ jju jtl__>*LjJIj ^LoJjJL -j <iUTI 
Lcj ^UI _11j i4 LAJS\ 4^__pJI 4 jl^tl L_i_i ^ »1 rt jJlj J*Vl jj im «Tilj fj-JI 
. ^ j^«- ^jlr <jjJ _ya -^_4j_j_«j Llc 4 i u L* ft ^J-l^a-j t ~< J_— ! JL__ (j-jljj ^c_l_- 

LajIj^i-uI J>- I j i j jj _A>- <Lj^j_>JI 4oL>JI _y~ I jjjj I jujj ^jjj^LJI l_jjJ__! 

*_j orw __Jl j f&*\ I ___5 jjLaljj ^ i u n n _j I ^jU" i -j L$jj_> <j! * ^ -"jj LP ' ifl<itrif lj 

. Jj-* (jj-^i 4_lL_. _;! L^j j j <_i" ^J 4_ii_> tpjUr *__-/ lj_$_a L*}L>JI £j jil 

Ji- V j i ii Lm* _>_auj_U 4.3 Lg ^J 4 jj a a 4 a In >l <jj_%__au (jrp—— LJI <jL- Lojljj 
- JuV t^jj^tuW f.\ jJl ^j^a £>-_ _J9 4 jr "LjJJkJI ^Ith _,_-_ i*JLL-_>. 

: 4jjVI CjI n i^ljll 1 ^j^ jjjIjjj y I - _4_t_-. 

.j_i__>JJ <___) fk\ ni*i*iVI ____ SjjLa <jj--i j\ - 
. L-Laj Ij i -ai Ju jl>o _____ 3jjLfl <jj-J <jt _ 
4j j 1 In 1 1 L*>L>JI jj* 4 in -_ V"i a _IjjI _JI jjl o"TI _-__ 3jjL__ (jjSu _jl _ 

._->Jl (j-il-JI JL__>- ___J j_-__ jj fjy>. _JJjj 1 1 $ iiii 

~--j*i i nl ^-itl 4 j r ju>JI L*>L>JI ^ ^jLcjJ - Jj_s ^ Lulc Lo_> - lJL__j 

, 4_jLmJI Jo j j-_J I 

_ 1 3 i A J L*>L>JI £_J-4_>» ^l jjU_3 t-Ul i4 jni^JI 4_l_. ju>Jl LjA_>JI tJjVl 

.jrdj__j>U 4ViiU 4-u^ljjiIi Jl L*>L>JI _ j_J_JL 
_ L^JjJ__T 1{ jo\j>* jjn 4j jlgTn Laj (4JJLJI 4_^j_>JI L>L>J1 ^-Aj t^Oll 
_JJ J _>c L0L4J < nl"iVj ^ j 1 uj _-_ 4 tn is\ V"U L*>L>Jl _)__ L_,jj (_jTn»"i <j 1 _ ^Cla 
I i 0 \c l_4_T _ <t 1 u"t 4j 1 r»L >. _--»J i4 jiji^Jl 51 MtiTI <.**m -v jjA 4_Lo ini jJI 

. Plasticity 4jjjJJL _ *UjL_JI Jj____JI ^ 

_,_ ^Jl__1__j 4 j r ju>JI L>L_>JI _).« _rj_-l _IjjI JUwjj _ 4j! Ijub __l_u Vj 

U$ ^!>L_II (___ ^j>Vi.."i __UI L*>L>JI (j_A jujuJI _JLl__ Jp tJ ___JI _>^j^ ^>L__ 
— _*Jl _j-xi ^jj ^jJ <*1 — J_*JI jjbj ___ jjju ^jl — lm2 _JL__ (jt Vj 

L*>L_*- (_jT ^ojju LuJ S4 j cj >JI 4 j_L>Jl 4_-J1 j-jl ^ 1j j\ L-uyu 4 m V "U 

:L*)L>JI _v- ^IjjI 4_»jjI _v>j oj-C-j islets cell jjjsJI 


. (j\jj__uj*_n jyajJt jj-£ij ((J_<Ljj*\ LjJI L*}L>. /A J-*j) LLu L^L_- _ ) 

,jj>lLliJl jjjSj-A (^Ljj^ i j II LM_>- _ya "/T O 0 JiU-) L_Jl L*>L>. _T 

. (jru____jjLajj_j (j^_4j__> jj__3j ( ^Ljj_L_JI L!>L>. {ja/. \ *_ V) l_J j L*>L>. _T 
.pancreatic polypeptide j^ '/^ J PPu.u LlvL>. _i 
J_____} j-jLa__ 4 _ir _u>JI L}L>JI J*->J J^ia ,.U s*a _/Jj . ,/1 VI jujJ L___J 

S^jrd^-uj^l jl jj-j _u_ 4jjj__JLI beta islets cells L_u LMi- 

4____i__J 4j £-JjVl L}L_>Jl ^JL-^I *y*i*f 1,1 _)J-*J__gJI j\ J 1 .IL-} < " ( l" JL___1 

Ljj ta Cm*ij-u ^Llj-j^I jj*i^jJ1 4__i_f La I JL-bj )_£j->-Vl CjLj-aj^lJ 4 j 0 j tn n 

tjl Ij^-j-i i oJj^ < L-L-i j ** fL_JI __ja ^ -r ,11 ^-.LjjJaj Bernat Soria 

j_j£jj (_£j" r 11 a __j_ (''1.1 _--Jl Cj I j j t " 1 T 4_jL_5__L_uI J^ I L-Jtj riot Ljljj L^Li- 
tjj "1 i.id (jt ljJL->»j < ■*" 1 j .4t<i i-ra £J_)^' L>L_>JI J-" (j-_ ^ jJt ___J jj__ji_JI 
^j-^^l L*>L_>JI 4-Cjn -r fl j-d _jj__j 1 0 n "w 1 "1 j 1 L*>L_>. fjj_-J ^ jJI irJj nM-H 

I 1 j jj— -Lj *(jJjVl : <j_-i-l> j— « (j_Jj— ___Vl jlj— _J (jj^jj t L_JL_- ^jjSL 

(__£_* i(j____3e-U j_^j_Jj (j-Jj-__jVl l_^jJ9 jj__J i4_U_jJlj ijL__ j-t_£j_U j_Jj___jVI 

jijSu 1 0 m *wj .|-jJI jj!-j_-JI j^jJ _jT J?" 1 " * " - 3 » U_Jj-muV1 jljJsj >U 1 1^1*1 

j_j£j3 (jj_Lj 1 0 *i j >>j 1 1 jl>- L_jj___ _rJ j . m Wl jlj__l (jjSLj l_Jl__ jj_jJ_JI j-j__^J 

(j-u Lo I La 1 uj-Lo jij-o i-dJjJ I i jU J^j__a__/I jlj-^J (jj^J 1 La 1 -j_La ji___JI 

/^ 0A ^ 10V ) 4j£ ft L__j)/lj jl l<Lj^ 
"i j fi ^ 4" ,m .,, U 4-4_c. JL_>JI 4_j_L>JI (jl »1 di II L_!jj( LLA ^j-oj 


J_w_u (__jJI *jjj*_*I L5L_>JI ^IjjI ^j <\ *w (___] jjLq_jj 1 _1< >u aJLij___j I Q~\a Lt-o 
_-4-_T LaLu i^-_Ul (__j_ jj_?ji_JI (_gj"*i , 11 a <U j in" (____- ( . ij ~-r j__jL_j (___) I g -j o*w 

.^-jsJI (j-KJI , l ttty JS d_Lijj Lo5 jl a-JL>JI tfJUj_i 

^j&Jt xi ji cM# ,8^i__d ^dt a^^t U-Uit £t^i 

iMice Embryonic Stem Cells jUlt ^>V> y t 2u_zjl>J< bMiJi-^ 

(j-a l_j_1_-I (_--JI 3jjl 0 "1 1,1 j jT L*>L_>JI __l_j i J_l9 ^jja __fljj__-« j_b Lo^ i^yJ-j 
^-3 u^uL^J! j 0 r _j__> ljL_w j^JLl jjlsJI - 4^5j ; Vl _ys 4 jl^ljJI L>L_>J1 4 n } U 
1 11 n > jJL>uj <"< m" <mU ___9 , 1, <i u (jl ^j U**i , n**t (_-_Jlj _ Ljj__j (j-__aL_>JI ^JjJI 
iL*>L>Jl _yi 4 steJ-U ^ljj^l j-j_4->- __JI ^jLo-LJI _-J_c 3jJL_JI L^jjJ _jl l__J-" 


2L<jVl 


j_-L_^__jV jj^. LMj^ ___* 4 <^> V £ljj_*1 jjj*v" ih 4JL_>J1 o_u_ ^-Jaj 
4_^_jj jrjJj__-a_*1 jj^i_ ___]) Luj L}L>. ^ inl (__-Jlj 4_j^LjjiLLJI Islets Cells 
0jj--L-J1 *]j Lc Ijlaj.^j^^I oLjj^j^J! j^-u <___*! j>---*1 __£*__ I L}UJ1 

L}L>JI ^JUb j,_«j Y- £jjj| l£_J j_-_j *1 - £j-JI j<i.J| £>Lc ^3 1 j i\n \ -r ~* 
Lj-jIc JaJsLtJ ^j j X 3 jj_j L^La LjjJ jj£u jjt j»jtVi i n*i 4 j i j i 1 1 4 j.r. JljJ I 

4 K iii a _____ l-JjV Tt __j LjjIjj J jlju ^<u * LM-_>. oV>L-uu ^ j j "i ^U _-_s 

. LgJ J iii^JI 4wftjLLaj 4__L_U 
4_j__>JI dllj j_4 a \1 X m . . ,.M I ___L_*_jJ1 4. -jj-S j Ljj___j CJ-uj-j-i Lo I j__>j 

4jij '<-- 4jr j ^ L*}L> ^-lc Jj >n>ll __<- lj-5t_*uj <4_4Jj__Jl 4 jj w*».Tl 4jr 
CjjjLcj (jyjJI L^L>JI jLj_L>._j <j_-L>.L__J ~r<j in" i^ijti LjjIjj LkjJ-LC ^j *jL-J 
*jrj-j_^ JL>ol L__j| IjJSLaj L»£ . Lhj-iC jjj jrjJj--u_S-J 4 i fl L*}L>. _-JI 
j_ ' " J aj ji H L__b j-A^) ^j— j— >■ jl i^t L_ajl ii a Lljjjjj _-ji-u j__>. I n ftj %1 

t> ^l^^ J^- j1jjjj-^VLiJ1 ^ujjl ^^Lij jrj_>. >--^lj i(Neomycin 

jruj___i-*l j-_>. JjLAaj U-A>L-djlj iGalactosidase reporter gene r, i'n„ill 
1 o <j i a J^ ~c i j 3 *4.i na y jj_)j-_-J _M j_^ jjp Insulin gene promoter !____. 

JjJuuJI 1 JL4J (^jJI u-UL^JI j . i tn n B u ijlj , imSH Jt inll I j_A 3j_a1 G>j *}La_C 
4 1 iiii 1 jruj 1 11*1 _H jrL>. ^jC Vj 1 j-jJtJ ^J La I o^ir j-jju (jJ (jjJU>J1 jj JlA j>t jJt 
jJ jrUj_w-jVl JjLl_x (j? < U 1 ujt u it ojj ) 3 jj 1 o "i 1 1 jl "LIjjcjJLI L*>L>JI (__-) 

(jn^ OJIS^ j^laj 4j3jj9 jj^a ^__!vLLJ1 O-l- JL3 jrjJj--uVl jrJJ>. ^lj IjJ VI J^-aj 
^-9 Ji inll I JL_u .U 5 a OjJL-C-J *V 1 1 >r t4 jiji^H 4 j r 0->Jl 4_oL>Jl Jl_j__* ^-3 
(4j jg L n *i 1 1 jr> i j 7*11 ^ 1 -*^ ^K*. j' Cr^j' ^t 1 ^ J-*-^ j*!- 1 Laj * J-4--J1 

3jj__s j^Tn"i ^-4- "LajLaJLl La5 )jjJj 4_4JjL__a 3jj_-o L*4-C j-ulj ^j j^aj 
Cjyu ci_i_w t(j u 1 u j aj-uJl (j? J? .^11 jLu-JJ 4j _^j-J1 C« j i"i > nU (__- ^L-uj 2Li_>. 
4j jj_a U (jjjJlj ■ jrj - u-i A j j * II jjrL>. j>c jj-c Lcj ^-lll IjLcLa Lg <j <i>. L*>L>JI 
VjJ *>LaLc jL-" La ^jJJU (^-^'j * jrdj---j-M Jt ih<i ±y>>3 *^jJ 4_-_-u jyC jjjt"ll 
^-Jl gjjl 4_LU 4 j*j L>JI 4_j___ jL_>J1 4 jl^JI ^ ^jj JLJ3 jrdj jrj->. ^lj jjl 

_ 0jj_>.jj a a! jUVI 5j-g_>- 1 ^ijlii jjJJI Lal . jrJj-uuJ-M jj-u (j-jJI L*>L>JI 
!jj_> I _dJj jlju - j-tj ...\S}\ jjrj->. jj_>.j (__ic J_Jj _ 4_2jL_JI jjU ,m H (___ L-u 

(_--_- 4 ijt 4 __3jjis Cuhj L-bj "1 i*i 1 ulj jrJj 1 n*i^U 2jj_Ll1j 4j Jl*_U L*>L>J) «j__ 


j^ihH y_* j_g <-jr \tJI ^jIt) I 

___■ ("MjMinl ^yjJI L>L>JI jjl IjJukjj . I fl i nrt) _ya JbjJJ ^ U t"tj ^ i n nnj girin 
^JI OjjLuj OjL>* tit\ L^jl IjJl>-J i jj_jJ_JI qjz fj rk n V i ei m^j" ■ u a 4_> <"mmih4 
L}L>J1 oju. I JJliwi l_J_ JUu . t jJj__uVl {jA I JU> 5jj i< LjL-gO 4 ae 1 1 - L}L>. 
(j_>lj_-i »1 n"i^l ljJL_wjj- t(J|j^ iiitl elju <— >\ i<~v c jL_ JLs*i_ J_».1_ ___< L_>j_ijjj 

( 1 0V-1 00) f • .1 I • tl 

. ' jL_J 1 lju_ £y* j\ i ii * 1 _>->j-« 

5jjU1x L>L>. ^JI 4j iji>JI 4_j£.jL>JI L}L>JI Jj>-fc-l 4-SjjJo _JL__ 

^Ls j-__ ( Y • • 1 ^ LJI Ron McKay m;1_"Lo (jjj jj__j L^» ^Ua ((J n] j___ Vl jj__i 

J-_->- ^l 4 i-sJI 4 jr j ->JI L5L>J1 -djj _-__; Jj-___>JLj 4_3__jj _$-£_* 
4 fl j \ — ti j*l iii y^i\ (JjSLj LajI t ."w ^J ^ ^al — «Jl jj iii ajj . £ \ 4 t\r 

4 y ^jjjc m>j " -»u L}L>JI ^ ol m > (^j Embryoid Bodies 4__wVl 

^aj __:>lji 4 jm^m a^jjj^ji oi LJoJi ^ 4 s-iAn l>l>ji 

< m-w I m-w LjA_>JI ^l ^jt ^j o «w J-vj! «^'J iM^lS-C (jjj < - 1 SC i I ( ■ I I il "^" 

)4j m^i ttl LMSJI <_j_j jLoJ ol o mljJI jjjls (j£. ^ _ jJLkjjU^ jj_>- L}L- 

(_yJJ Jj T 4 j j i n 1 1 1 LjL>J1 ^JLA Ijlt 4_i_oL>- -_Uj_-« _£_ <"mm i u a ^-9 J 

^ jJ,Uj^jV jj^. ^ 4 jli^l L}L>J! 4 . .Vi . ,j <l jj j) cjLm_>] 
y "i i„l j ii, >■! ^TI ^jla jlj -Islet -like clusters ^Lj^; .11 

Lj4_>- jjja J_il (_jLj_4_u (jjSJj (jJj--u_'l __jjJ9L_ t jjiCj I • II ^ tj iUII m^j "ihi n U 
I j " n ->- I o i J"-J * CjLj j in r Lj«L-L L-_j ! 1_^j ljJL>»j !__£ «4 jt j iUTI <j— 'Lj*C ) A\ 
_)lj____II tf__A jjl ljJL_wj m^j-I-JI *ljJL l-jI .n o jL_ l__L_* L^L_>JI <>__* 
, (U ^) 4__jI_1 cJlj Lq (jJsjJLI (j-slj-c? (j-J iSL^J! Jju_Ijj j! ___-LL_l_ul 

iHuman embryonic Stem Cells jL-^a^n ;y t \uc :l*Ji UM>Ji -T 

4 j r '\ >JI 4_J_>JI j—4 (jjJl_>.LJl 1 j .iLc J_____k (^JJI g__l "lill t *t* mi 
jjkj (jL___Vl (jjLc L^_Uj_j>J ____ *4jjJ (Jj *C i.ill frljJI (jLoj^a ^M-C (jjs jL-iJ 
0 " i u jiil m pj <_U r^ $ i iilj (j-Lj (j^__wLJI (j-a _JL_. _JI jjj a . j-^jjl ( 4, 1 ^jll 

L>L>JI lj_gj V " ,1.1 tj^nr Jl 4-_jj__j 4_jj_ljJI 4_»__L>JI (___ Benvenisty N 

4.t «i^"r._ L>L_- ^l <-,jM.iitl ^yjS Jj___j L_jlt>.j i(jL__!VLJ 4 jiji^,Tl 4_^j_aJI 

(j_« t__?j__3 (___!! .Embryoid bodies 4-L>._ , l 4 4 j j _. ni^Vb «Ahl. c> 
i__M_JI 4_wjjj_>JI 4 im^H C-L-J-JI (> l^L__! (__UI L>L>JI ^ jujuJI 


^Cj^l J^ M^JO^ 


ljJj>-jj_ *NGF 4j i^tH L}L>JI j^i! j___*_« J*UJ ^ L___w Vl *ju- c, t >> j__ 

inJj i u't VI (j^->. j_-_j 4 jl o r (jyi-C- J Inj i uj PDX- 1 mij j?-*- j-C j j «" Lgjl 
« ir-lj ' ">>-J 4 -yTrU 1 "i n L^L>. J> j_v jj i In j ">j-~ " J J-^JJ < 4_jJj>J1 J->-L 4_j_4j_j 

jj*>- L^L>> jj>-j ^^ic Jju ____>j_*.j cjLl^ L__jI l_!L_- ji ^yJJ 3jL_jV1 jj_>uj 
LjjjuLtl jl U_j Glut-2j Islet- specific glucokinase :J_u Uu 

t 4_L>.-M 4 g j i ni ^L____>.-M L^L>- ___* l_>Jl>.j l_Lu L>L>. jl Ujj , 1ju_>- 1 1 ogjlr 
Ijub (j-L*j JL____ i4_> jJLlj ^J ^_-JI jl ^ im 1 1 1 j_*Jjl j iit <t» -_u>Jj_L (jr-JI ^Ij-l-j 

i r„ ^ 1 ,,,-oH Ji_b LjL-J_ jjUu ^--Jl L}L>J1 llU- j_« l_*U L_u L>L>. jt 
o-* 5 j-j-i^ 4 1 . \^lm aj ^L*u>-Vl * jl_- L>L>. (____ jt 

4flj i mi i n-w VI L^L>- ^j.cAa (j_o '/V —\ 4 n n n L_Jj__uj1 jljJj _--J1 Lu L^L>. 
JUJl>u j-s 4-5jjJ3j ItskovitZ j"i j>j< < n"il j-Uj }Lj__> 1jj_Jj fJj .4_L>._M 

-U_ J£ / 1V) f L_x>.Vl l_1_j Ji-b urJj^JSU 4 T mII L>L>JI jjjju j t nj i ^>JJJ 

L>L>Jl j-4 LAjjJU Cul (j^jJIj i4Jj>-Vl 4^jt mi ^l mi-wj/I uJj2. 3, 1 nii *ljjl__J1 ^-Hj 
^jyiLaEJJ jja L$j Laj i j i __£» lLUjj jLoJIj jL__jV1 (jy£ 4uJjjj>J1 4j_c 1 1 

.^1 >~Vlj JJjJI ^ ^jujU jl jSLuJI *1jJ £>_-. _>_l Lt^wLU 1j___" Jiuj L>U- 

jj_>» L-uul (j-L>. 4__ujj3j ^\ j i uj l-jjI y jJ 3 J in 1 1,1 lujL_*_jJ1 jn» i Cj ^j 
L^L>J1 q\ 4j__jj_iiVl SjLStlil ljLVjJI ^yS jj 4 ujjLa _ (jjMii^injj 4_wLau jSujjl 

. jrjJj_-uVl jj-jj L^L>. _j U t">j jjLj_3 ji (j-Uj jL-JjAJ 4 j ij i"*JI 4jc _jl>JI 

jj__>- L>L_- (> 4_>L_J1 ^j_J-Vl ^l jj^l C_jL_: jl 1 j^JLJ fJ ur^L-JI (jl JLuj 

L^UJI ji _ L jA\ Ui^ - l-uj l_u_*. )S V ^ I L_-u L>U J_w_ ^ lJ jL__3 ^Lj5L_J1 

(^JI LL>- 4*?yi,«aj 4loU 1 ^tj o> jjSJS _jl L-.5-J (PP j LJjj LLIi) ^jJ-.Vl 4jM-J1 

. (jiJj-v-J^_) Bjj-oll Ljjj L^U L__jl_OJ pjrl" mi") ijJuU J_X !{}i^t 1 L-J 


ilslet cells iiJLJi ^b>_-LJijj> - r 

:(jVl jj__>.LJ1 I ofljlr J-qju _>uIjj^ <jH L^L>J jlj, \ u^a l_1L__> 
: Islet cells Adult beta 4.-JLJI ULujj-»» b^L>. .1 
Liaj) L>U L^_J_ Uj j-_l>J11 _-J_ Islet cells ^Lj^i .H L>U cA im.mI 

^j _-]___ jrt__>.LJi j_o j_jJl_ji jjij j-^i j>u_j 4-__jj_l,; (PPj ljjj u_jfj 

ni vi t 4_u_j 3j_- ^l Mi n )V1 4_xju_o >L_ja LLu L^L>> j I l__jj_jl!U jj»-3 . 4_u jj_-_> 


2L<jVl 


jj^ j?^~^ 


jS-udl jjO^ hir \-}\\ <V jItI I 


^UJI Ljjjjnjlb-" 4__~L_*j ^A^t-JI 4J1jjJ_j Fred Levine jryM jjJ. j^J__JI 
JLioL _JJ_j t 4jj i*t 1 J1 4 j ■ ■.Ijj < C lJI islet LM-J- 4_*_~ jj I jJSUj T • O 
L^L__>J1 <>___> ... __jl (^JJ ^ji U_o t L}L_>J1 _1_ j» j i j > ___ 4i 1 1 4 cj! i j 

0 J—t J j— - Jj_^e-4J 4j| JLJJ . JjJj < ul _M g-ilj ^^lll LljJ L*>L>- Lg_J_} U-> ^jUlLj 

4_ujJ9j jA <ijl Ja^. i L^J^i L}L*~ J_i_w jjj_oj j i" ^J, I ___ Lg-l j m < nlj L}L>J1 

L^ae->oLjj Ijj3c_4jjj L">L>J1 *J__ ljj__1 S(jJj_t-Jj7l jjJj V LgJSJj ^ in n i" L^jl 
3 A ^ll Cr^>JI j-*j PDX- 1 (j-_>* j__ j 1 *1 I fll« a_j _JJ_j t 4__ijlj 5j__o ^«jIjjJ! 
^jlJaJI jfT, *i" jlj tL_L_ _>_o (j-Jj___j_M Jr^>- j---J ^j-c Jjj_—JL1 j ^ < L_lj L*}L>J 

4JjulII Ll_u L>LJ~ IjjlJ-I __Jjuj -j->-VI ( j__j-JI I _ >>> «j Ji i-j _j_Lj_»JI jl 
1 1 j-_l L_j < nl Lo L$Lo Ijj-L-lj j-jJLkJLI ^y. L_bj"i \ u ■ nlj ijJj-i-J -M Jr^H Lul jj 
dJUb 1jJ_L_- LoJLajj ij_Ij___j_1 JJ--J L^LJ-. jjl 0 "iH 4_jL_ 1 I IjJL_*.jJ_ 
^j_L__JL ( . m 3_J 1 u*ij (j-J>- L_j}L>JI jl IjJUwj i4__LUl JJ____o jL_ _,_ L^L>JI 

L_j}L_>J1 & ju_ jl jljj t ( nY ^ n M ^j ,„' 1 _'t L_tjl jj_L dDJj ^jJI J$ j^_jl_JI 
Loj i^j-Lj^ \% \\ 4 j \ 1 iU tl L!>L>J1 J__o ( jiJj___j_ ? 1 ^j-o 5j j ■ cjI jo^ £_J3 V 

^c_4_ (j_jLoJj ^_j L^L_>JI _•_!___ _jl j—4 ^_^_3j_- j— _ La_- jVl ^Jti_j 

jljJ-J j-. l_j_j_j L^L>JI jjLojj j__- 4J1 c_Ji __j_>- tjjLojj _)i L^J cJjJbjj V 

(j^J^^I jvo 4^l_JI 4^1 V r ,„nM ^l -JJj jl US it j_Jj__j^l 

> 4 K i*i 1 1, 1 ,j__ J_*J JjL-uj ^jJs ____ LJL_- _jL_jVI ^j-^Jj 

: Pancreatic ducts cells 4^L^5L_J1 l_IjJ_UI bMi- . <-j 
_jI^I_JI _>__u ^-aj Islet progenitor cells 4_JjVl jjj»JI L>L>J jju__o __* 
.j_Jj__jVl j1jJ_1 j-c 4Jjj_JL1j L^jIjJwIj ___l» L>L_>J 4jj_JLI _— Aj t 4j__ Ijj__J I 
j-J-L u it jll L^JjjJ-j Susan Bonner-Weir jjj>»>» o'j>-- ^jjJl^jJI c_oL_ 

LoJu->-J tj 1 " >tl (_- l_bj j j n 1 iil ^oj (^JL (jl imV 4 j 1 iiLjj^ LJl — jlj in II L^L>- 

»1 n irt II jjuJI L^Li- ^jn^ <"iUf ?j L^L>J1 ejjb __jL_l_i,I jjLoj. l^U IjJjL - 
Ductal &4_L__Lj<i <l II cjIjJJJI L!>L_ IJ_Tj 4_l_jLjj__jJI jJUj_JV jj_*J ^jjVl 
d_i_> ji 1jjl>-j t»",iM„.l,1 ___ ^_-uL_i i ^jjl X _,_* L^_jJ j_uj *endocrine cells 
__!_. 1 ^ o> ___jJj _jL_i_4_J jji^jiilJ L^j_3j__ jlLc (j_Jj__j_ f l ojjJsl L^L>J1 

<jru 4 V"il I (J-Ljj^ -jJI jj^- L5L>- J>>*J C_pJ Lo j-_j . IjjJo jj_jl_11 j_iSjJ 


j1j>-y 3j3___ <_jj___i JL_j . ^Li__<Lj___JI o!j_L_I! L}L>. 

L__uij ilslet jj^JI L}L>. (jJI 4-jjIj 3j_4 jjL-Ll J« -IL SjjL^ill 4 j iuLjj<j] j]\ 

L*>L>. 4j_-L^ Lxll _j!jj_JI (___ ^yT\ 4oJjVl jj_»Jl L}L>. 4___j L^U JL>.jj 
4 j n ij jgjj i n*) _M j>--J ^yjJI jj__>Jl L*>L>. (jIajfcJiJ Jj__*_jj ^j 1 1 ^ i ii -J 3L__J1 

o>^L 1j__<_c_ j__Jj. ( " nr) jj^Vl ^}l_Jl UvUJ1 Uj>3^1 cjLj-^I 

jr_- < Ijuj^Ls 4__*L>. ___ 4_}Lajj AmmOIl Peck _JLu jj^ai j>i-_ Jla iOjjJJ^ 
i jJLJI J-— -1 ^jja Ll£j jL___*l jja 4 j inLj^i ill _jljj_Jl j_4 LjL>. Ijx.jj "i miI 
4_-Jjl j_« j j<"m (jr^J ijj->JI L}L>. 4 j mi" Lj>L> (jJaAJ L^L>Jl lJJj jt IjJlj>.j 
L_jJL^.j LoJb t jrJj , „iSU 4 -rlUI L_jj L>L>. - ^jUlL _ i_£_ji L*}L>Jl jya ^l jjf 
___ <", in-w jrt-^j i Jj_ jya jl jjj-u SjjJ-CjJI Lgjlc <r>l in^. _r— '1 LjL>JI <JJjJ 4 i ilil 
JoeljJjLA Jjjjw jjli^j J__ _1I j_Cj . (j_>lj_. jM C__L>J jK i _tl (j_»j_u <_jI i r>o jl_> 

L*jL>. jru 4j_-j_>J1 4_lL>JI 4j ,1,1 L}L- _JLL_ (jl jJij jryw ,Habener 

juIj-LUI L}L>. jrij _lJj_-j Adult Pancreatic Islets jJLJI ^Ljj__lJ! jj^>. 
L}L- rt,ni\ _ 4 jr j -Ol 4-jl>J! 4 >t ,1,1 ___!! _ L}L>JI *I__ j_J .4 j ,nLj-L-J1 

j\a_J jl Jol^ll j_lC j_a (^-Jj-i ^J j^JJ i4j__,Lj^ Ljl <_j!j__J1 L*}L_- Jjjo __j , <Vm 
jJj < y i V 1 jjN-ij Lj*L>. L$j ^juijJ L$jt (^! t4 j , iiLj^ i J1 oljjj-JI L^L-i. ^jyJt 
d i,mr L>U- VJ ^-A La L}L>J1 cJ-u jl jl>.j SL^mi oJL-Tj 54jlj->.ij 

^LuJI 5j£CJl1 J^l jil ^.Ja jl^k>j - Developing neural celis 4 j ^L 
t>->. <-dJjj _ (^i>J1 jjUlll jl^Jl o >■ 4_jJs (jjJ (ji ^-J-j _;jJI (_-i-t_>JI 
la^oLJI 4 jm^>11 L^LitU ^j^j^II Nestin marker j^_jjJI "U_Jj ^L. __jj_J1 

(joiljj^ ijti Lj*L_3tf> 4 Vi d LjLjWj 4__>L>> j-4J olj n f a L^JJ __j__>1 jrj_>-j 

LM_>. (^l _ 4-yiLJI 4 j i ,n ttl L>L>JI - cJjj>_ ( jrJj__jVl jj_J ^LLo 
j>_-4J L^jt tfj— jjJl> jjfc Lojaj . _jj L5L>. l^J-* Lu 4 tnin V,l 1 ^j-uLj^ jjtl 

(__J1 __L__II jj_>Ji ^j-J Lt_Lj 4jJuib L5*L>.j 4 j 1 1 n r L^L> __]) Jjj*_j jl I___jI 
4 _____^u L>L>. (-Jl jjLoJI J*. 5j_L_ L>L>J1 tf JUb (jij i(j_»L_>Jl ('i in i iill 

.(jJj-L__Vl j>-J 

(jljj__u 3jj__S_ __L_>1j *4__j-__>J1 (_J1 Jj__ojJI ___ 4_j_CjJL 4-j_ j *4_Ufl J 

_jlji rtll L>L_w _____ _jjl j -I L^-L-Jj <J>jL__JI i^jII lj__ ^ L^L_3tji 

1 ju j-l^ij j jjLkJLI (___> 1 4-I-u- ,,.1j Pancreatic ductal cells 4 j ,„Lj<mI1 


^j^ 


£___*j _$jJI U^J i imVI jj t j__jjJU __J1 1 dv 1 jt~t j£_> I g" jTL*_- i >i" ___J 
U-* Jj^ ^yS Ll_,j _ L__L_- L}L>Jl tlA J__oJ 4______4 _jl Ji_u . 4_JJ 

.j^__-LJI ^.nA o^±3 o^* 'J Jj^' L$JI J--J - type-1 j-LJI 

jj-o 4_I J- -U L*M->J1 <>J_^j T _ £jj <_gj^ i ntl _^_uj_a I j "i i nj jl ___ Jjal 4_4_ 

(4 o jliii L*>L>JI £>j__> _jj__> <jl J_>j-__j) 4_____» ,j_ajj_JJ 4j-__L»j___JI l_jIj___JI 
L}L>J1 *J*i y j r*T, , „j 4 U r j ( 4__L_il _--_ 4l< j_4 i4_j_lj 4-J1 _Lt_ 

. _-Jj__ul £yi 4 i^5'n La jl^^l (_--" 
oJu_ J___J £j t >> jJL lj <i 1 1 u j i ii j ^cJ pI nl *tl <jt ^a-J-J _jl l___*jj 

iLuljj L}L>J1 <>j__> j_j->u IjJjLw m^;<t *Type - 1 JjVl £jJI j£__JI ^--^j-- 
_jVj) i M j< i L*}L>JI ^j_t __>_>*_ jf iL^j j t mij V (j^-ajj-A-l ^ycLUI jL$_>JI J*>j 
Jn t"i'^ i^LUI jL$_>JL 4___>L>JI LMj>JI _>* I ^j o V* Encapsulation 
- jLjj>JI ___;L_JLi j! ^ ^tl L*>L_- uj^-c _>__ 1 j jt ij »1 ii ^tl __ja t j_Jj___i t _ r l jljJsl 

•lO-*^ (J- 9 !^!^ oL_jJj_A_i j_Lal -»j^-C (OCj 


Fetal pancreatic Islet cells ^u__JbJi ^LjjiUjJijj-^ biii- -1 

__J1 J^j <y_ 0 . ...jj JjJUII __Jj jik-j L-^bj , JSLj Vj ___^L_JI Jxj V 
4 jn^tl 4 T ,,,V_M o^LJI jl_U _dJ jJ t 4j__ai J5I jlJI j ^sjjAI j-L___JLI 
progenitor 2_^j_j_>JI _^Lj_L_J1 jj_>. L^L_WJ Ijjl__w» fetal tissue 4_*__LJI 

:-_J_ Jl!u (no) islet cells 
.(L_>j__J \\ _V ) Felus j-bL ^j^j uy^ ^j-- 3 u^^j^ ^--ol 
5jjl 4 "itl _-Aj) Puritled islet tissue sLiiLI _>_Lj__LJI jj^>. 4 ? m\l _Y 

.((^>u-iVl jji3 L^U _-Jl J-_JL 
.Cultured islet tissue 4' .r,,,,!,! _^L^___JI jj_*. 4 r ,„*tt -V 

_)jj_-LJ1 jjLĕj i4j r '^tl L>L>J1 _ya tl_jl 4 *r ,n*i-'lj L*>L>JI £ JL& J-J-^J 
_)! 1jJLjv j . L^_l_-ljj JUlj 4_i*>L_Jl jjL__aJL1 (jja J-J _-_LJj____Vl ^j_1_>JLI Cjyj 
i£_»L (Jj_vLj (jrt-->J (j-t Lj< (Jt -& j i -J >Aj » Jj^l j ImlJ ___> j_Jj-__j_*l ^gjl i ,1 a 

^j " nt a 1jjl>.j iSl nit.1 ^j_»Ljj_v_-J1 jj_>- L*>L>. j-*j _-jI-J1 jjl___L1 __is __Uj__j 

ij_-Vl 4_jl_U Lj___j_« _ jL__tl ___> 3jL_- _-i-.l^* a JS £jj I 4 jj - i jiJj___J_ J | 
JljL-a (j--Jj i JjVl j_L____L1 __J- _jriii V (J _ ____jJ! jjj__- -_j- _ 0jJ__>J ^-LSlI 


6jr\aJI*ftjlTll 


tj^LjjXi ill JJ^* ini ljll-j>.! I o i i j - ^yjLU I jJLuaJU £>\ j " n\A) « n ~ "tej 
/jJj_^Vl ^inia jjt Ijjl^j *jLiJl ^ L*j1>.j!j (ttJLill jJ I^U) 4" IM nill 
L^L>Jl (jl ^jJL>.LjJI ^"im tn\ LjJ JL)J . j ^ inl 4jjAj 3jJj3 J}L>. ^ jJl J-^JjJ 

r.n < ii rt'il jl3 Cultured islets 4' jj^>JI ^ Precursor cells 4_JjVl 

l-*jL>. (jJI tjdjjjij^/l ^Uil fj^\ ^J^' 4 inm V*< 1, 1 jj->JI L^L>- ^l CjjjL^jj 
jAj ^LjJI jjLuaJLl ^jjo (j-Jj_<-tijVl j_j^jJj CjLljJ ^Ajjjjiijj . jJjJwSM CjLjjjsj^JI 

o "i a L}L>JI ^jub ^ji j— jfe iPurified islet tissue 51 a ill jj-^JI Lj>L>> 

^ U t"tj ^ t-u n i"> jl j^i U~ i «"i V ^JLJLij ijLoJI p hi^ ^^— 3 jjL> JU jl J_iiJ (JjLaJlj 

J n °) j^i LM> 

<ya LJLjv 4_dju>" <M 4_^j^>JI L}L>JI ^ljJl Lu-bj t~i miI Jl_ jj£j I Juj 
(jldjj £>Lc I fl jlr Sjj-IjlLI jLjSUI JLaVlj 4( Jj___JI dljJI (jloj^s "r^-^- 

.^JLlII .Jj"! i n a ^^yjjc j mi Jl tjruj^La £j*-L__« iij 
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^jh>JI 9jj nna »1 gltlj i^LjjIjjJI S^rtni II lLL^ Jju 

JjJ_>OJ 3jL)jLV L-jl ij ^ylc USjtlllj i^gj in jTI 

!jl> <L$Jj^c. Ijl£j ^Ij^J! ^LLJI 4jojL>. ^ya L^J^j-o 

^jic pLu Jj_J>»j_-<a ,V iii *»JI ^ J£ <jl iL_fc___s1j 

Ljj__j J£ jlj <4jl->ll 5lj_i Ji-L 4 _j i uja <Lt^jj 

4_j_jjji lJ|j_-._j Ijj U i ii a (jj£j ^jl 1 4*1 >»J JjV 

u! JW* «j^ 3 J±-* * u " ^» 1 a j j .' ^ l?j^ j 

L^J ("i i int jJLJl uJl ___* u j i^i Tl jL^>JI LjL>. 
£^ u=\ 5jl cj jl _u _j VI _-!__ 5jJ SJ1 

4jjjl>j ^ LLi LajK ljL» ( Regeneration I g , „ 

j^Cj t JLl^>JI Lj-L- J£ LgJjO _-_) j^u-uJ ___JI ^j___JJ 
j tru i uj (____! 4jjLlq-jSLIIj 4_u_jjo__l ^j-Ljlj-iJl jja Jjn" <o 
>^jj *L!jL>JI ^ 4^jJjJl jj^Vl CjL^h^ ^ _ 

U£ >g j .^H j tjLc jVI J£ l__->J I L_.}L>. j-j-^ L$J ^ ^,u- jjj__a_s .<3ia_>. 

(_yj.ll jjUltl "ijjjoj £-a J n 1j V L- J ^jjl ^jL^ 4jI 

jL^_>JI LjL>. ji jUil T <"t %a ^ j__ Lx-«j • Ljj^-jj iM<i**) 

JSJj .^IjAl J JlSLiVl &k JLJ JUJI L>» Jjkjj intTI __Jj_1 


(__-__ *Lj l-j*L». L^jI IjU- ^ito'^ tl ji-A *»J, lt'i4 <__-o1jLoj *4 -r i*r»lj 5 J JL .o 4 <i jUj 
(jn^r tljjU LjL_- Ijjlj .5jJu___~j 4 i j i n CjIjJL3 Cjlj 4 *ij t o LjUJ 4'ni< <-jt # J >JJ 
L-J Jju_u l-9j i n t4 j irt uaJfc-oJI Ljpj J ' " *J L^LitU j iUII jjUlJlj (__joLuJI -L5^_>. 
2LK-JI LMiv _ 3juJ_jJ1 4j,m tll L>UJI j-^J-JL Lj>J _ \ itt y\\ L^U ^j 

L*>LJ-JI I <pl ,n ^lj^^c^j^ LuLc Lo-SC^pJI <4_j-jjVl <___ 4_l1>.1jJ1 "*uol>JI 

jj jt *Jjj-oI L$J 4 nh^tl -J / -_1j_L 4 j.mtll LjUJI <jt I Ju_ ^^ljua .<jj^i>Jl 4_^Jl>JI 
(__fli ^L-JI (j-j1jjJ1 jj»Lj__J1 < nj ^jAj (ju (jJj---o ^gj <i *** (j-jIjJ J-^jh* mi 
L*jL>JI 0jUb ij-^T Lr^H? «(jrt__>Jl L>L>. (jjo LdSjjX, (___. Jj i4_^ JL^JI L>L>JI J>Jj 
L-oL-k Ijl. "Tm. a LjIjj Lj*joLjJ (__j1jjJI I flo4-l-t CjLjIo (j£j->*J 4 jh'*»J| 4_j__ JL>JI 

L}L>. (__JJ jjLoJj ^ - jjj jl tiUj ^jjtj Ljjt I jl . c___jJI orutj (jy* Laj-oL 1 1 jl> 

-_Jl jj I _JL-_ JjSj t^j_-.Vl 4 inm Vil,l L}L*-J1 <jjo L_-j-uL ^-JJ j! t4in 4 j 1 i^r 

L">L>J1 (__1_- jjin d J-J-C. j-« VI (jl JL-JJ , L^jL2L (_____ J3I rt ~sTlj Lg-ol m i-T (jl^joj 
- *m mi CjI j nt 1 n**ill JL4_- < rtinTio ljAS ( 4jjL-J1 4 jn'^11 L}L>Jl jl 4jm)>J1 Lj^Jl>J1 
V 4j 1 uajJI L">L>JI <jf "-Jj_s_- 4jukj *>L - 4j j.n-11 L>L>J1 LjjwjJjjj (___ (jjm 1 nViU 
L>L_-- 1 Ct -r 1*i <j| l-jVI (jULiLl (j-*aJU (jl IjJL-_wj j^->> cdJjj t^n m n n 

Neural stem cell 4j.,nr ^jj^ L>U ^ 1 jjjic Li ) Neurons oLju^tll 

I jj i *i a (Jj-jJ j^aVl jl .oLjjmf ^l t-_jjjLcJ 3jVjJ1 (j _jJJl>.J (j^JJLJI ^litjol j-o 
Ojj .3j£LjII l^Ij^^ 4_L>-Vl L^^jlc. Vjt4-t__u>Jl 4j-cJl>JI L>L>JI ^-k iU*v»i 
(jV1 CjL t^n 1 11*1 n V - jJLJI (jn V ilill ^yS _ jjj tjn 4jj m tll L^LkJI (jl ( j_-juJI Jj-__3 
jL__Jl jjaSCjJI _»JL_Cl Lo 1 j-Aj . La JL> ^l (3f^-5 J-_--- J^- 36 -*- 3 J^~3 L-___eL Vjj3 

4j? Ij^r .njtur^ j ^"\o (__ja-__. 4>Lojj J. tAltmaii 

jlin^l 4jj-Jjj_V1 4o.KT1 (jjbj) HippOCampUS <jr)_---t>JT -L__l__lo _ 5jVjJI l_-jJL>- jL_ 

(__-_. SjjLiJI l_^J L>L>. (__!__ ^Ljj-j-j 01factory bulb - ^JlJI n^r 4ljmjj (jj«-J1 

.4jj_-jJI "Lj_,jVL 4 jrill (j^LUI (jjo jg" iiUiU (jl 4>jj-cl ni aj (jLo-lli J_j>*_*j 

4 jl >U SjbJL-jJI L_jLl£jaV1 jjC -jjjj >JI JlLo _ j__?j jnt jH jl jjo («-CjJI C _I-_J 

t^-j-j 4j.m _J1 L*>UJI j_- 4_>LU1 ^ljjSM <.U^\ (____- 3jjw_J1 L^jjJ (jl _ *^jl>J1 
jl SjjL L>L>J1j tAstrocytes 4j o-r-JI L>L>Jlj tNeurons 4 j.\j. mtll L>L_>Jl 
Ljj_3 VI 1 ^ir Jjj3 U jlj-! izJoh f«J 4jL_ Oligodendrocytes juljjJI "Lojjlc 


<___ 4 j i m ttl L^LkJI f \ uu _jl ^JUu jl n1r VI (jL_j *3j j Vl CjI j r mJI ^-Sj Ijl> 
Ij_V t tn \ 4-*.j- (_-JJ t LsLoj ^^jG^wLjJI Jj rir lj Uj mi o jJLJI jni- miII 

^U^al ^4 ir,'l 7JI 4-iLkJl Jj^J(j~« 1^0 ^LJi ljj_f_i LoJl_j VI t LiUjj^£ 

.( m " nA ) ^UUI^ f L___WI <_!_, 3jjl_JI c_U_*_ l^ilj .4jJUI oLu-JI 
_-ill <Glia 4-xl>jJI L>L>JI >* gjl ^ Astrocytes 4iny'A\ L5UJI ^eljJlj 

LT^i i^jiaJ^I L-ljUr ^oX.j ^ _JjL__ L*_* iiljLjnntH Lj^LsJ i_jL>__J-> (___ Jaju 
JuljjJI 4jLJ_> kJI l -I.jJI Jl jJLI L>l *.<j_- ZA* .V- ^Jiu: 

L^LiJJ 4jjjkJI jjLULj ,Uj Vi (^l 4_l1ajJI jljll j____j ^^Js Oligodendrocytes 

JjLujJIj . Ij^LnJI j-a— « 4jj intll JjLujJI J_u 4jlor j-4 ^j < aJj Jg i nj I j__j <4 m mtll 

iCjljj uri tll L}L>. Lkj^ij ^l iDopamine (j-yaLjjJI S_La <___> 4jjI o j<ll 4j nn tll 

» u nntll jL^>JI LM_- j*_bi Jju ^-jjl 
___ jt * jJLJI jn> nill ___ ^lj-u 4 j r JL>J I Lj<L>JI (jt (jVI (jj__-LJl JL__Uuj 

4 j r j_>Jl LjLkJI (>a 3j-aj Lal A Ur I (____ SjjlSJI L4J *Fetal j^LJI urU>JI j-* 
Lajjjlj JA\ ,precursor cells 4_Jj_ , l LjUJI <>o Sjojlc ^IjjI *L___1 jt «I 4 m. ,V> 
.(U JSLill) ^LUI -U_j 4juntll L>UJI (> 43>_lJI ^Ijj^I j_uu>. J*£ 



uiijJ_Vl 4ljl> Lj}L- jl 4,jo"*o L^L- oLj 1 mr 


t 

BjljJlc jjI J->- jj (__!)! 

j i"^.U ^_- 4JtJLJI 4j nrtiTl 4jr,'L^TI -j.L^TI^jUj ^.w-jj ( \ t) JSLjJl 


(L j__->.LJI u ^t > j-t^ji L£ ijSLl . I jjt ojL=t_> >L__ (j->JI (j-L-JI J_*-b ^ Lol 
Jjj_l>. Fetal jJsLJI jrybtil <__U_l_j t 4jJLJI euLujOJJ ^j^jJI U M^t1l jl^^ll 
L>L>JI ^ljjl ^jjs *_____] ^i-. 3jj__J1 L4J 4 ___._->. L>L> (^j-L_-j <3jVjJI 
L___y^_jj (Oligodendrocytes.Astrocytes & Neurons) J_i>l_JI ^ j ■ ^tll 

1_L_j i4^JL>JI 4_iL>JI ^JJ J__^ij ___J1 3jL_)M £j_ ^.Lc. 4_j_-_il 4j m^*11 4-iL>JI 

. jJll -rj m'i J>.b l_J1_l__-j 4-4_cJl>J1 4 jl^lL 4Uj^U jL_/_M 4-ujAj 4j_l_JI _____ 

LT^ (iL^A' tll jU^JJ 4jJI_J1 4_j__jL>JI 4_iL>Jl J*__ 4-_jjJd *Li_JI J^-J-JJ 

I fl in t; LjpLiJjLc ^j L4_c.lj.ij 1 I JU J >" 1 jkj I Jl_j i_-->JI (jJ-dt J m"w 
4 i^>L>Jl lIjI a inljJI 4___ljJ 4JI sc j 1 11I Jj 4jj t u_J dJJ jj i LgJlj j ^ jjaj u r>t j 

Ji-L ^ _-j-j Neural stem cells markers 4i nn Jl 4 j r >H L>L_-JL 

4 jl^ Jj-^-J ^yS l-L-JI 4 o <____ ( .im jJJj JSj ,4______j _-->JI (jJ--JI , V inv 

La jj_> j <4____i_-JLj (ji-_J (j-~ JjV __L_JI I JUb *Cj\ j_v tMI j*_* <____ 4_-_ol (jja 4 j r 

Ju-p- i ) \\\ ^L-JI ^ ^j-j-JI 4-_bj_aj S. J. iMorrison (jj__^jj^ J___JL 4j ^L-j 

(_-_J 4 jr J >J1 L>L>JI (j__ L^jJa Lt-s-jj (L j;j^j-ll u urt tll jLg->JI £yt L>L>. _jL_i- 1 
l_U jj tj_j_L>-ll (_y_5 I ^ n j i i j _4__>J___~j L^Jj-c (jja (jSLoJj L_bJ_>- j_£» < j m I 

u £L~Vl JJaj Lg-_j-__- ^ij Flow Cytometry L>L--_J1 jJ-jJ jl . > 4 U...Ijj 

.( WY ) i_j*q 3jj^>ii 

u i m t II jL^>JI ^Ja 3jj^»jll -Lu____jJI 4-lc 1l>JI LjA_>JI jujuJI jJLaj 

: u ^l ^-b- l__3j_^ ^-Jl ^>>ll 

Subventricular Zone (j_wic_>ua___--^ ^ 

: Lg-Loj "L_;j_w L>L>. Jj-Cj (___-] 4-> mi jJLI LjL>JI -j^ jujlJI L^Ja _l>>jj 

:Ependymal cells JUj1jlluVi 
L_bjj_>-j jljlj ^jJI Nestin j^j_-_J 4 t j ir> j_a Libejl J__L_i__j L>L>. ^-jkj 
EpendymalJI LM__-j . (wr) 4j Jl 4-^j^JI L}U~JI jj_>.j ^ >LJj 

i__j| JLAl CjI j J^ iii 1 1 4jj8j-A L>L>- (j-jtj *^JLI 4 aJ-ajttJ (j-L^L>JI (j^ )jU Jl u U i" 

t4fliniiifl j jT LjL- L^ji ,jjjL__I L-JLj-a JLSj .|-jJlj jjl (j-LJ JjLl£ Ja-uj 

Ij V ..I > j-Lc 4-_-jj__iij C. B. iJohansson jj l_JL->j_->. u i VI 
_ Ila (ji lj_Li_ijijJLJI jL_JI u i tll jl d^-ll 4iU J,l Ependymal L>L- 

4o_-jL>. LjU. Ja-JL U_L L>UJI 


:Astrocytes cells ^u<jhj LjM^. 

4ikJUj us ^jlj Lo ji Subventricular zone ___! L_-ui *jj->->~ L}L>. 

("ij^ .2u_c,Jljk L>L_t__ J * t" L>L_- ,__Aj iCjLujLl!! ^Ut-al ___ jrt-___JI c- 

i ... ?JI 4-uj i <m II L}L>JI ^LL-u-I __1c 3jj__JI L4J L>L>JI _.ju_ J\ . 
4_u j nnr Lj^L>- __Jj Jj t". 1 1 ^lr LjAjsJI ju_ 3j Jl3 <"m i"i j m-»J,I ^-JSj . 4 mii) 
j_4 U\J1 juT JuLmj jjb La _>____ jL_ JuJu>JI ^ J {j 11 lj_- j! VI .<jJLo L}L>j 

Jj__JL 4 y sjjUia L>L>. ihn'^ _____ Astrocytes ^g^iJI L}L>JI jt 

l_jjLkj jiLI .4,^1^ VI 1 1 4 j . .n ttl L>l_>JI _ya tij-^l £j jjl _-JI J j t T V 
il^JJa L>L>- Ijju-I (jr-»- i(j^a-J1 __<_>_ 4 ii U i a L>L>. 4 iij n-w <~m j"tl (jA_L>LJI 

Neurospheres 4^>j . cjLjJ^ __JI Jj-^_j_ j_±__kJU __J_ _ Laj". -r"i ,»l 

_jj__j Lj«L>. i nnW j n~r a : JL-a 4 mi^Vi<i ^l mi nil uj 1 j n t * jjjJo jj- —J-tej 

SLJj^ -*M 

i (EGF) Epidermal Growth Factor jlL>JI 
4-^j . tU cjLjuCJI cjjui-i ^ iPibroblast growth factor - 2 (FGF-2) 

JL ^JjL>Jl | -MM MJ U ^ Ujlj^O 3-JLC OjJ__4 ^J i(jAjU ^jC 1 <j t t 3.>^J 

jjl «i"n jl <jjJ j-4 CjLjSJI -»_!_-» <jjs 3j__5j <".Ur L- t^i n.niVI u*jlj n ~r a JJ-»*J 

L>LiJI Ji^ Ulli iiimtll L}UJI ^j*, t_ji .( ,vl ) L>U ^t J\ 

tju Ij_£j__j * 4 j i i t II ujLjSJI *ju_ ljj__-1 t4 j a>jull L>L>Jlj 4-jjj i tr> tll 
4 j lr j rl " i n" "K ^o-o^ ^Ui» 4j ( U i i J LAj-Cjjj L^j ju>» I i LbL>L>> 

4j 1 i>>jlj iSerum free medium J .Ml j-o J^ ■U.„ > JI I ju* . LM >JI 

j-4 3jjl jpljjl ^yic Ijl t^> (jJJjuj i4 i^ m Via ^L-u-ojI jl jaj ujlj n a 

^ IjJL^bj , (W0) 4^jjJlj 4gjj n^ttl L^UJl^ t 4mi^V"tl 4 ..i^tTI L^GJI 
^ i ii n n jl ^^L. SjJUdJI L^jjJ _ 4JJLJ1 t jl3jlj-_JI j_4 4_t__>Li-. _ ^JI LjL>. jl 
4__JLc u 1 tll j_4_>JI L^L_> j-A L_6j__l__ u Ut"J j-jl 0 T>j I fl 111 _j ^Ut "tl 

(WVj 1Y1) 


________ 


J f\ ill 4 jl 0 «J 4_-_>L>Jf Ujl M >JI j^I «J JJ-3-J _-Jj J J f n 1 _jl L A 1 Ijlr U.OCJJ 

L>L>JI jl>.jj ^1 <MI"< - 4jj.^t)l ujLj_JI L5L_- ^-3 5_j^-jll - jjUlllj 
1 ^Jll jajj JJ---3 4 jl «1 r *.L_il ___-_i Lubjjju j <jU" (_-jJI i^jJI <__jlj__J 4 t i . ^ 1 1 
Lj>L_>JIj Neural stem cells 4 j . .r> _JI 4 tr '1 >JI 4__J_>JI ji u itj Lq__ 

jl j^j aTiU ^.jIjjJI -^aLj—JI ___. jL£j "1 Mi"i J_aU jl jl ii ri "n ^-JlU 4_jj__Lll 


ftjr"i?MftjlfrM 

C.R.tBjornson Qj "^jjj 4_JI Jj-_»j U Ula j , ,. jlsj .( WA ) 4 , .,n*> i_gjjtvitl 

i^rj^ )«^_i (__JJ jcJLI Jj^o» 5j jfl miTI 4ju1jJI 4_Ji_3tjJI 4j_4jj ^yS ^'it t]\ 4-Su^j3j 
jjLjJu .<cl_m J lnta jL_» ^-Ja Lg-Li>- JUu 4_ucJl>J1 4 jj i^ill L}L>JI jl JL>-j 

. (m > ^jlU A-jSUI L>UJI (>uCJ 
:Hippocampus ^w-^i 4_iH;4^4jrri^ biL>-_, 

4 aKJl ^j <jJLl £L_3 ^ *LjuL__JI Sj_£lJuM 4 rtUia (jj-"* <jri >n jJI 4___kJLo 

4j_cjl>* L*M_>. <jj-u (^-SLT 4 t iIjj^ L*>L>. L^j _l>-j_j i^L3t_jJi jLu__>J 4_j_*Lj_c.VI 

(j 1 ii^j! l£ j J-^JLH Lr^ 4-aj1 j o j ^ 3 jLu mj tjuj- L^LiJI ^JLgJ- .4 j_j i r> r 

5jLLI JjWIj JtU ""i L_>jjjlj ^_Ulj Bromodeoxyuridine (BrdU) j>jjijj-j 

:^jVI Jl^j^IjjJI 

LMiw ^J jjUjj 4nU;ll eJJJ ,___* Labeled "Laj-^jJLI LMiJI jja / o • _ ! 

.Neurons ^..^ 
.Glial cells L_jj L}L>. ^l jjUjj ^j^jII L*>L>J1 ^ */. \ o _ l_i 
) jjLse^a JSLi L$J (jj-J 4_4j_^jll L}L>J1 (jjo /Vo _ ^ 

J»-L<W»> L^J__ L-)j"l _-J 4j_L_)L>> jf 5j_i_4 L-IL-A j! JLlj 

*La jJu Jj-> u MiUtll ^LuVl ^<it*i^ 4jj_4 jJI <j_cjVl Jj>» ->Tt Ljjjl (^-Aj 
(j! I Juli (^JJUj ^ jjL*_uj ^ iiinn _-"!->. ,*J-!I Jljjj ^-jJJS ntljj^ *l j se io (_-_* 

(_-JJ jjl <i*iTlj iii _j"_H (__!_! 3jjl__JI L^jjJ j-y-__j>JI 5 (_-_?) L*>L_>. L_lL-t 

l_iJL-*j I JlA jl l_UJc I jj i a*i Vj .4 j i i^ tTI L}L>JI 4 mi^Vi<i jjI 
(jj£o jl Jdj-J-j ( jL-ujyi 3Lj_>- j_q 3j_>> Llll ^jjuJI (__J_ (jyj-^- J-»j-5tLa JoL-JjJjj 
(______ 4 jlr (j^J t"i"T (j-cj-^Jl L^L-iJl oJu- d_L_>o jjj-tJI (_-_) i_£j-j*j L_JL_A 

. SLjsJI JLl£> ^ylc (J-AU 

j^IJJL 4j.,^tTI "LlcJl>JI 4J->JI 4^Mc (jjSLl lJl^ ^jSJ 

jl jc J j i^i A j Tl jj» ^cr^ LjjJL_>u I jj 4-1 _ j£jJ-_j 4_^_>-j j_A _ j_aljjl 
^_J| 4 j 1 1 ^> 1 1 1 L*>L>J1 (j_o l_iLj_Jjjj 4it_* ij3jJ>* JL*8 jj-^J jJ jj I * *j (jL_-j*tl/l 
(jA l-iLjjLj-JI ^Ju- J4B ) 4 j j i t T I Cj^LjlojJI oLjjIjjJu (jJ-juj lo irit^ > U njj 
L4J J-b ^ I 1 1 n 1 , 11 o ^j3jj_«_>i (jt-IjJ j-«L^j LjjJ L-4-_T tCjiLt-ojJ l_^j L^L>Jl 
jL_> 1 > 1 > m IJl_> jL_i I jj Stij^L-ojJlj L>L>JI (jjjS-L j-^b "L<ulj uLli> 

l_jL_j_>JI j^o l_jIjLjJjs (jyJ-^- jl (j-u^Lo ^LLj (___! ^j-scj (jl L-^T-J (^-jljjJl ^LLaJI 


. tjjfi~t "> <_^JI 4 j-j <rt tll OjL__»jJi CjIjI j U jj --'L-j i m ttl _j^*}Lcu 4___»1-->JI 
Lll *t__jjj_L1 CjI jj^ll JJLC (jl jl )4inr LjjJI Jl_L_J ^j-r i^ ljl_- <jl jJ ^L_^_L>Jlj 

0' 0-* C>j^ cr^bi £- i>u >^ tj^y Vii 'U_j>- ^ * u^' 

j-£j j (jii-y 4uj__>1jUJ ^JLl 4_j__bLa Ijj hi'^ _/U^LJl ^jJaju (jl VI )oL__l_>JI (j-ujLa 

** *^^V (j^jLo T j-^jLj (jJjjj^J! Sjkjjjatj Gorge Johnson (jj___ujjv ^jj^. 

jlSu J^ mu Llo _$-> (jr^j CjLjj 1 inttl _»ju_j 1 Cj L j nnf jjja _)J>--* jwJLI ^j r ■■ 1» (jl 

j^LJLI julj ^JLuJlj 3j_u>JI (_-Jj-"j t L^jI mJ __Jj jl*j l_Jj__j ^u * LjjIj Mir (jj£j 

L-Ujuj i^j^it n 1 g 1 t i CjLjj t t n ttl __uj-j (_--Jl t^cdjl i"ii 0>L_sjJl jJ-_o 
iLijO (jn V 111 J£J 2j j<i fl oUL__-_jlj CjLai <i "II LgJ CjljjjJl (j_a LjLlj J*k i m Ti 
£---_- (^-Jj-jj ^^jJI ____ 5j 1 ^JLa , 4_) 4_usl_>. 4jjij ^ La _!- JSJ J____>u 

L^jjugJJ 4___j_3J J-o-C CjIjJJ (__JJ J__jJi u'l mi*>j *CjjL-l_-J j j 1 ii ^"lj 0*>L_oj 
1 4 C 1 nl" V a ol U >J1 ^-B Ls JjSu (_-JjVl 4j1j_jJ1 j-UJ9 I j____j « L-cLu lLujjj 
l^Jj-L-La j^J__u Cil ij^tl JI^JJ * jJLI £-4 _4__L_-_i Sj_s____i Jjl->Ijjj .jLLI 

j-j_Lj 4jIjuJI jJLa 4 1 i i ^> _4->!>ij mjj ^jjSo jJLI J-o_c CjIjj J ( j__uljJ- < jij 0 " < nL) 
j-a (j-Ll *(j-_-_>J1 jl tlntl ^ "L__jJI ^Jju (j^L-bcj V ^j-jLJL-I v j jj-A.lt 4-jLfl 
4 jj^Lll» (j__ 4u jJju L4-4 u lr 1 j (__]__ V J li t II ^__ujj i3jujL>JI <,rtjJI jij-u 

I jL__ LiiJjJ . I j m. ^Jju V L__L^--il (jjlsu (>a 4JJI L>.jJ-l _i-__3 ^_t_j i«4-jjljjJI 
J_»-_- CjIjjJ (jrit i (jl Jj 1 r-i rt 1 1 (jl _ L___j| (_$j-__j 4_^-wj (j_aj - Ljj-1-u 1 1 1 X jJi-S 1 
L-^] 4 lii^itl 0>L__>jJI -.j__» (jl *4jIjl-JI j-La 4-_A-__ L_^>L__»j (jjJ-J) jjl 
3j_-L_ 4jj-r 1 11 4_Jj- _JLu-> C__a1j La t ________ JJ_xjj 1 J JL%_La J-Lse-a ^-jljj j_-3Ujj 

jil L>L_k Loi iNeural stem cells 4-_Jj j _a ttl 4 j r 'v _>JI 4_lL>JL» L-flj___i 

p 1 1 1 1 1 <**ij >■ (j-fl t I g t fl L_bj_i-g (jj-JLJJ CJJ-4J L^jLJd CjJjCUJ ^J -uJ (j--Ji (Jj_-fc--M 

Cjjjcu 3jiC IjJJ I JlBlB (jl nit^i ^juu-ul : JjL-_ Jl i n\ jLdj ,__Ltj j jr j CjIj-jj>JIj 

iL^J Jjjj jj*-j-j cuLa (^HI "ULkJI (jV 5jiil__JI jl-___j V SjJLI (j_x_ 3j_iljJI Lj>L>. 

(j--j <"il-r iii Lcu i h 11 " "n" l__j-_-_i (j-uJI L ^j-__>>Vl _j*M >JI (j_o (jru*>LII (j-u*M — 4 

JjUL_o ji_-5 I jj CjJl-_*j Sji^ljJI (jljL___ (jf JL-u .<_L»L__ CjIj ■ ^ j! oLj-Lua 

cjVL>JI (> Vj (jjSL V Ijlaj ,(ji-jj t "Jl Jji_-_ja L>L*-JI ojj» jl_sL__II 

4_J*>L_jVI _w_»lj_ja _"l 4 j _j jl (jj inij^jLj l__j_jlj La j ^lnj ju J_uC.j <4 j injJLl 

^i 4jjL-JI oVl>ji ^jt l_j jj ,5j^i jji ___. j^ j____j ^ijj ___ji ^^^i 


L}L_t_j 4-_JL_J1 L}L**J1 olA i i 4".jfrU ^-ic J-___1__*j jJLl <jL_3 t 4j<^j_4*>UI 

4_lC JL_>JI 2_J_>JI uJLlj Jja VJ ^yjL V L^ajjjuj i"L_bU__ja 3_JUJL>. 4 p jl mi 4_LjU 
aJUJU». L*>L_- u \n t *i I j-il o "" jl 4_jLq»-» 4 jl-y- n Utl __i" jui ^rg-S i 4_uj i mtll 
<j! JL-u . L-g-__i aj (j-Jj-*! ^l__ujJ*<_JL 3JljJL->. 4_-lj1 j -w. Cjlj-_L_k < 1 1 <iCt t4 <n 4 
J34__3 j_A t4j n^iill L}Lifc_J ^^eJjJuJI CjjhIT 4-rjYi __jJL5ftJ jJI ^-jljL^JI jj_M 

j-j-c m^j-__*-| l___jU_»^j *jL*^o jJLl (jL_a ^jJoJLj . j o tJI (j^a ^j_--__J1 j-a (jl j < niTl 

<-A_>J1 |j?j---- l_JJ_ Jju- ^_j U" ■ uj Vj 10 -oj_xj jjl L}L_>J1 oj-^J JuVj iSj__s1jJ1 
jjfc La ^JLl ^3 4j m^ tll 4jf j -sll L*>L>JI JJ^-J ijj-L JL_ <j_i1 ,*L^ju>Jl ^\ 
JL-p-jJI j_J>- -M 4_jl£L-j ^ _ ^ i.ntll jLj^JI *l_u UjL_lj>J _ j____>L>Jl (__-_->lJU VI 
C-_i*J JlLo 4 1 1 < r> SjlL-o 4 ,4 "ar 4 *v ^-3 lj J t > 4_j| jj I 4_jljsj < < A j _$jJI i^JLl J-**J 
jj-j ^L_j_s_j < rtj^*^ i I JjI aj j f ^jjl "1 gtej (jl 0 t 1 Lj Vj "1 -rj Vj < JjjJLo 

gJH 4j M^ttl ^LuCJL^Jl L>UJL- (jjl Sj ...^ti ^^xVlj JjVl JJ-^LU 

i L^_jJJ £-""-*J ^y-JI 4 rtl"^U 4 j n n 1 11 L^L-ti! -ajuo -J->J ^-i-t. J_>1 <it 1! 3_jj-_vj_-i 

cjjl_-_ i^j-s-^l L*>L*__J (_-jIjjJ1 ^LLaJI J-*Lc ^-aLjj L-uL-I L$J ^pJI 

4_L-.j-i,1 ^j^s ^__t in t H jl_4_>JI <-_)jj___ Jj y-<U jJLl LjL-j- (jJJ--J CJ_jj-_>. Oj_-L__ 
4*s U 4 (___» JL>-|j jL-Lo (j-S (jjj--- ldtj'urt"<> (j.oLjJl £jJL_-_JI Jl>u Vj >4j <j <->JI 
-»j___j i4j ur>tT1 4j r 'l-^Tl 4jlVll t-jljj-1 -i-Lj-Jl ^ j_jJ_JL jj_>j .4-l__* Ju___>JI 

. t_j1j-L__Jl J-4J_>0 L«J_» ll*i>JI J-4J->-J J-I__J 4 ^"WJ J)j-_U 

Fetal CNS stem cells ^ ^ j i ,n^T) ^a_»ji u^Lyi-Y 

^ ^ (__JJ V (jo La j-4-- 0~*) Ijj '"1 3j j 4-L>.t (j_-i l_j ___-! (__jJ1 L^L>JI (jJ-J 
3j_3ijj JL->-jj (j_i->Jl (_-__! 4 j j 1 n 1 1 1 4__lC j->J! L*>L>JI ^jLki ^ljJI (^j . ^ Lcj i f .» I 

4_L>.j__>, (_-!_- LaL*j l-JJj <_-____j_jjj t jcJLI 4 1 (_-__» L-*L*j j __Cjj t4 " -r 1 11*1 1 ^.Ja 

l--i-__1j 4-jj j \ intll 4_^ j_>Jl "LjL>JL__ 1 jJ .(jrt___>J1 L^j j-ijj (__-_J1 (^iji-sTI (^LltJI 
L*>L_>JI _>ju_>j -(_-->JI tj-J-SJI 4 -r j-u-jj jj-Ljj (^Llj 4 jU r ^ 1 o |j <i Ijjj 
^ljj! ^j 4 > »lUr 1 ^-ic 4-LaL__J1 3jJL-_Jl L_^J J^1>J1 ^yS 4 j_j m tll 4 jr j_>Jl 
(jj_-j L-^ji L_4-Si i 4-j-jj \ m 1 1 1 j 4.j -jjJL-T 1 4 1 r> i n V " 1 1 ^ j in tTI jl_^_>JI Lj«L-v 
4 jl 0 r (jl ^.Jl jj mi't ^jl L_j jJL-je_jj J UY3 1A1 ^ ^il ^ (j_?Lai 3jlc (___& 3j Mi"<ia 

4_j_c j___>JI L^L_>JI j-jLuj a| mi jjl _>jju_a (j-ic iU*i *^ cJ___j_j_j V t ^JLI ^^Ljj 


u iia«II jl^sJI _Uj->lg*frjr \^M'<kjI^II 


_____ 1 ihjl _^LIj .L^LL^j (____!! 4 m mVilJ L>L>J1 _-Jj 4 jm*«*J1 4 j > tll 
^LU! 4.jl<,t'<. / WT ^ ApoptOSis jJLl ___} L}L>J £_* j_JJ Ojll 4 jU r 

J_> jLSLs t^SLse^a ^cUjj (3-<_uLLj ^yja 1 j L>L>.j cjj^j L}L>. __JI £___>_! .»___> 

<j j*\l aLj I jya 1 nfl ' -U Laj I ^ *. j-j^jj L_>jJj_-> ^-jj 4_l_5 i_jj~f^ a l_j_j_*> L$J 4 jl>. 

. L^jja 41aLc 

ijL_Jl _^1r (_jjL_5c_JI jjj-U _>c »1 oUTI L&JJ J----JJ 4-_jL__JI ^Llill _jl Juj 

_jj__>.LJ1 ^ < <T< .4ji mtli 4_ic jl>JI _jL__jV1 L}L>. __lc Jjin >J1 Ijjljt IjJ 

(j-_L>- jya 4 j \ uy 4 j . i r> r 4 j r Ll>. _jL__jJ L*>L>- _, 1 f J j_t___>J I __Uj JLjlj 
_-lc 1 (j * a 1jl____-.j ' j ■"«-*- 1 1 ___i l^lr. Ijjj Lgj L_i___u I (j£j->- t Lcj j-ml *l *l ->j »f 
_J ^lUr J __lc 3jJL_JI LgJ ___JI <4 j i mtll L-^_L>J1 L>L>JI jjya ___>■ 

iOligodendrocytes- Astrocytes - Neurons - -______t_t_lj 3 mn-ll L}L>J1 

_ya L$j1c Ijl i^^. __jJI 1 4-ijj j i n 1 1 1 l_j1j__J1 __lc 4_____>L_>J»I ___! »1 clt II £c_>li Jl_j 
Lal . _j-dl"i"i o _r_«Lc SjlL p^laL-t-a ___» _jl i ni^ 4 j i mf 4_j_C J_>- L**>L>. ^L__i__u1 
__jJI ^_j___ij_M __)LL_____4 j? j q * 1 1 i_j|j n-r a £jj _-lc ____jjj l-JL^ja jjLc-j l^lt^w 
Cj I j rt **■ a 4 U < nljj jjLojj i4_jjjj mttl __jLj_LII -j__> Ijlt -w LJ_l_>-j . L^jjjl "Vj 
:__lc lji_____. ^j! 4-7-jj-JI C_j__ t _j j i <n 1 1 1 jL^_>JLj 4_i__>L>- jxu 

.Astrocytes Wj L>U. /V0 _^ 
.Neurons cjLjju^ttl L*>U. "/.\X _ Y 
.Oligodendrocytes jJiljjJI 5_ul_JI L*>UJ1 /Y _ r 

L-__j! (jS-4J La-S* j J U 1 1 j __jj_^J| 4__%__o 1 j j_j_c L*>L>. 4 j^L-jJI 4 j (ii illj 

L!>L>Jl (j-4 m;j__>-I Lcljjl u Ur> 4 im>tl 4-jjj-i -___JI 4-^jl_>J1 L^LtJJ 

: Jla (^AY) i-.y".»!! __J| *l J _oLiw jIjjj 4__L_ol _uc dUjj i4-ijj i i^tll 

A- GABAergic. 
B- TH - positive 

CNS neural crest stem cell 2l^_i^i^_^iu^» LM>>_r 

Lxj_ 5 ___fl _>c ( *il**y. Neural Crest 0 . __ _JI t__j--J1 L>L_w _j! jJal^JI (___ 

Jj_____J| 4_^j_>J1 4_J_*J1 _-_JjJLJ (__JJ LjlC IjL- t 4^lL>Jl 4_tl__lJ ___jj_tI1 

jujl_>oj ^\ ,,. 7u$\ (__!__ 3jJl__J1 L^J L>L> L-^jl Ljl^jJ i(_jL__J1 _j_4 _-JjVl 


jj^ ci^^ 


4 i n m V" t, I L*>L_>J1 ^tjj! j 4 > ^-JJ jjL^JJI u lr 3jJL__J1 L4J \ 'rijtj 1 1 a) 
^-jJjj^jJLlj j-jjJjJuV1 ti_J*>L_JI 4 j 1 n (^TI 4 j a jj j^>J 1 oL_jjjJI L_-j, I m fl ^_JI 
jjjU m u j ua tll L-3j.tl I 4 jr *t >JI L}L>Jl (jLfl 4_Lj-L>JI ^j-j ,^^jj___LjVIj 
*J--_ (___3 jJ_tj_jj V U ^ o 1 * j ui (j! JLjj <c-kjj a~J1 1_1_- oljj-iwo ^ ht a 1 3 jtr 
j-*J .^jJjjJL>yi 4n jlr» _Aj-l-____4 ^-Jl 4 inm ViU L^L>Jl c_jLi_- jjfcj t L*>L>JI 
Cj I n <nl l (jj£u JL_J *4 jr , *i«w 4-iii. L4 jtr (j jnlUj <j__l--.LJ1 Jjl^w 
jljj->j (_-_-_. L^jjjlSS t4 jr 'v 7JI 4jL>JI <____ ^^jJI liLLu 43 j< .*;, L^j Cjj-x-u ^--Jl 

(j-o Juj-tl L-fll mi jJ.1 (__JJ (jy-^LJI Jij-i (jl 1 *i"irf (^JjI Vj . jjLo__J1j I fl 1 >■ n*i 
CjLLl^JI (j-a_u 4_ji>. ^-i-- p-_-V1 I JLA (jjntUj 4jr JLjJI L>L>J1 

5"Luia>J1 4jlfUJ 4_-UL1 

L}L>JI (>a c*L> Neural crest cells ^ m »11 <__ j-_JI L>L> ^jt j-^l jJI j 
(^LUI ^Lut ^ _ Neural Tube 5 . . *J1 <jj-^V/I <_^jL> (^ £_-__ ^.Jl 

Ljjjja £_oj 4->.j1 <i * L$J_jJ 4JL> ^--d-^) LbLuL». p tt ' 1 J <jt J-J- jJJjj - 0 *rjf^!l 

Jt~i i ,n oUjJ iSpina bifid L __Tj__-J1 jL-LjJVI u « ...j <jH-^>J1 (____ ^nl^ ^.jr 

jJwLjpj i4jj_jjVl tf jub LuL> IjJ-j-3 p Vilj (^lJI <L-_^j--J1 u nn _J1 cj3jjlI1 L*>L>. 
Lijut VjJ I ju. JjLi-jJ (_-ul_4 Ljo ^jkj i^jJaJI u . m t!1 jLjjj>J1 1 ^ J *} 

aJu^ alh^ Uit L^ , (U1 " ut) In.^.o LMi. ^JJ ^jUUI "u^L> ^Hm" 

L*>L>. ^jja t miij l|joUt a i3jUjL> 4 y i n*J (jjSLlJ SjLj^L) j_>-L^3 Ljjjt ^^Jkj (j£j->t 
4j t!1 4jr L^L>JI (^ic 3j? ^ **'"■ ^iij> (j^ ^^jkj t^jjjj"^ jVlj ^jjjjj^JLI 

,( wr ) ^Ljjjj^o Ljj^jwj Ujjj*-a (^l (jjj>-VlNeural stem cells 
(jt J"i j !l ^-Su^Jsj S. J. iMorrison ^ 6j '"jjj-* ^»t \ ^-^^ ^L-aJI ^yaj 
*jU j oojtj i^LgjTuV1 (^ 5jju\JI L^i Neural crest cells ^..«attl ^j-iJI L*>L>. 
(^lJI 4ju^t !1 4jj3jjJ1 L>L>J1 (^Js BrdU (jjJujj ^^^jt j-«jjj J^jt Lj_l>. 
(jt^ >*j jL- u_-^>J* 4 j ril ^TI ^jl-jJI sciatic nerve LIujJI < i.r> r L^jJj^c. 

. ^ < ii n n cJljLo (^yj i n 1 1 1 uj3jjJI L5L> (jl (jj-<-ujjj_>3 JL>jj3 * JjkJK.1l 3jjJ_ jj>»IjI 

Jjj>cIj L*>L>J1 ajj* (jt j>.j Chicken embryo 4j>1_>j c^-^ ^1 Uioj 1 on^ 

L*>L>JI * JLA ^jLc. u fi . n j Lo^4 , (WT) 4 i n m Vi o 4 j i . n r Lj*>L>» ^JJ jjLo-jJ jt 
Lt^ cr^J 4_l> Vl tj_o *>jj_>Ls L*>L>JI _>j__> C-_j_fs LoJ£j . juLo_lJ1 ^Jjc 3jJ__JI 4 nm 
/ UV ) JjLo---! 4-JLc 4jn.l 1.1«-. Olj Cul^ j-LJL! I^j-oLu J^-I^a 


^uoaJI jlgaJI ^L— »'9 ^jr *\TN*ftjlT'l 


j j Lj (j—-». ua V ", 1 I j #il o 1 1 II (jL-jt _-_ (j*_M Ju Jlj — i_o 4__j 

^LLa j__j i 4 a 1" >i ,t I l^r.ljjLt 4 j tt ^ m 1 1 4 j r J->J I 4_xL>JI Jj^ m r ^Vil,l 
Ls £*}L__>J _>JL__J (jt (j^LaJI J$_* i^Ujjj ^miin _*-Jl LjUJI L_L>j 

S(^_j____JI LjL^k (_«_J ( nl" 


ii a-tttii u_il cp^di jiteit j_« e^u; 

(jt tjj 8 ! -^LjjM —Ijjt I o m^- *— )1 J < J « "i "ill < ?i< r> "t \ a ^£ CjIju 4j_*_»J1 
4j nnr L^U (_, U t~ (jt (j-—4J ^JLjJI (jL_±_yi (___! jJoLlll (jrit > L_lL__b 

^l ,4 j j irtill 4 ir 1l_>JI L>UJ! L^j ^JLL ^pJI J-LaLlll ojukj *5jujuw 

£_a_J 4-jjSjII L}UJ1 ^j fl (jj£Lj _-"J!j * J-4JJ tj^Irw ^yjJI l£Jjjj 4 j *i" 
L}UJ! (^jO 4j , ^ill ^jL_>J1 4-J-AJI LlJL^ Ijjj .^j-JJl J_lj>JIj 

L>UJI ^Jj ajj.rt.tl 3jLi)M Jiis ^UI cjLj ..ntll^ jc^JJ ^jSLll 

^j L>UkJ ^L___jd! L!>UJ! ^Jaju LiJJjL^j «uJj-jW^! 4^jj , ,n »11 

IM Jjit .o?iil L>UJ!j jL-ljjJI 4jjJLe L>UJtj 4^_jjJI L!>UJI 
o_.lju.Vl J± 4_JL_JI j! 4jj1__U! L}UJI J__« UI>UJ _Li i__]j£ j_*Vl 
(jiaj^a J__ lj.<44 j^a! Neurodegenerative *LJ!>L__V1 4 j } <r> tll 

4 j j < r> 1 1 1 4jJ t "II ">__l__ l—M i>i tll ^yjjUJl < 1 1 , rw 1 1 (j_aj_vaj *UJ ■ " ' J^jL 

j_* ^lmL I ,nj! L-3 j_ »jj * Amyotrophic Lateral Sclerosis- ALS 
<j__j___, *LjjAJ! 4j_Ij l_)L_1 ^jJLj iLou Gehrig's disease - £j_o.jJ 
Jj_>JI ( >(J <^tj (j;_J! ___! tr,y jt .Stephen Hawking - j-i£j_ 

/ 1AA ) _Uj ^_ j! 4l>U jl 4jj-o i*j_ ^j-J! 

:^*>L*J1 4j1<ir (_^j3 ^jj^LJI La^ji r, j (j^jj^tjjlj_-! LiJLut (jUa Laj-4_ 
* jjIJkII (^Ja SjjLolll jj_ 4j , ,ntll "Ljjc. jl>JI "LAiJI (^1_ Jj__>JI jl*j -\ 

Jj*j (_lj_L3_AJ 4>Jj! JL_ L_lLj_4 (jr— ■ (JyJ " ^ >— 1 " fl (^ L*>UJ! 4_>.JJ 

(__J! _ ULxjj jjl o T) V _ (j r> , r> V " 1 1 4 jU r l_jIjjI (jJ— __j -• t4 j < i»LLq 
3j_i_i_jj« £jjj j_ i jlr Jj___>J! l_jj_1jJLI 4 j , ir>t II L^UJI (j-a jrt_» ja £jj 

Slu-.LUI 4_Ji-l jJI 5jLiVI U_jjLj (jt , Jli- (> 4j L» ^>L_ jI jJI! jil (> 

^l 4 j, ,^> tll L}UJI ^jj ^.JJ 4jL^_J! __!_- jjL_J! 4-jUr J_<_» l^lt -kj ^__JI 

. jll LjJl jt_*j 


___JI jl tSjjLoJLa j j r _jjSu (___!! 4 i nnill 2l_l__ j_>J I L>L>Jl j_> I _Y 
jr>t i <___> J-TLj jt < _ul <nU j-U ___* 3 j_J,L>a £jjj < jjL*jJI _---_- t"X inj! 
(j$-0 jIjJU a_L_> 1 4 'm i — * 4-jjl J n j^ jlj-ja I fl nl" ^j^o ^jj-J L_bjjJU ^-jJI j i_LjL>. 

5_c.jj.ill 3 nirtitl 4j__ j_>JI L}L>JI Ja_hj ,4l~L__ cjljrtTr a jl cjljLi^ I 4Jj-Uj 

J-*u ^j i4 miii 4jLu_VI jl lJ-LJI 4_j jJI f j->Jl LjLi- £jj ^.Jl LaL_ jjl o "" 
L^_4j3 (^lll 4 j ilt 1 n iU ^jmrt V""t L$_l 4 LjL>Jl (j_o >"(j Uj l__JL_JI J-*-« 
^5L___dVI <_jL_jJ| £_a l-Jjk ^yJJ L_i__v J- * * " __Ujj (j-Aj . O V _j L-^i-cj C~__jj 

. Ju-j_>JI <ya ^ <jjU J-L-u 3jjjwjII ^l jJI 

eu**t* c-_it <-s ^mi idU-Jt i-wi 

£>Lc 2LL-1 ^-3 l^|jL3t_L-«l _>£Uj _--JI 4_lC jjjJl L>LJI <j_a JUJjJI lLJLLA 
_-__! I j i J_____u _/___>.LJI (j--JtJ (jl JL_u 1 4 j i i n t 1 1 ( j_,lj ta ja_M ^j-a j_jJ__JI 
:L>L>JI _jj- J----SI J^aj <£jL_J1 ___* jj^^I (j---_Jl 

:Neural precursor cells wLJjYUj nntT) 

3 J_>Jj 3jU-v. 4 tnnil ^-jlj^JI 1 g o 4_t_ (jl <_£l * L_j_>. 5jj| o" a L5L_- _-Jbj 
LM_>JI £j_j 4j_al_>JI 3jLiVl 4jL_u__l Jj-^c_4 ^yjkj i4-L_>UI J^lSC L_>JL-j o^SLJ 

* L&ij- _-Jj__jJI 4ir>mViU 4jjj_a_J) 

Pluripotent (£ijj_^igj^-frj )* ■ _m ;yu j r't yi blM_itH -Y 

lEmbryonic stem cells 

(jrU_*JI (jjo l^jlr lilirt-- (_-_JI L>L>JI cili_ * Ijlj^uj Ijlj^a Lj--*j L^ *_-jV«- 
_-J__ 5jJL_JI LgjjJ L^L- ^yAj *_-_LJj>JI (_->s_i_JI 4jl o r ^j-a I J_>. j-L-a OiJj _-_i 

L_j1 La-T i jl____>JI (_-_» L}L>JI (jji ^jj j^l (_-JI jjLoJjl L-__jIj 1 1 ^ ,,, a_ ju jl_>u 

. jjLsMJ (jl Oj J t_V° <"m i""n n U (_-3 lj_>. 4_jjJo 3j__3 L^jL u j j 

Rothstein. j Y* • ^ ^L-JI ^l " i.njjj D. A .Kerr j-_j__: ^ULj-JI j_ij 

4_cljj (jjo 4 j"i> 1 1 1 ^__ij-_j ljj___4J ^jI i4_j__jj-joV| j_i__jjjb (jj-j^ 4 « ^Lj-j 
djjJLJI 3jl_L_5 CjM .>> tll (_--uL>Jl L-J-ua-JI ^Lju jI__ (___! 4 jr j >JI L>L>JI 

t4i_b___4 4 7 j"'i ,^-JI (_^j! * Amyotrophic Lateral Sclerosis 4 j j *tl 

SjJLS ^jSu |J L^jI (j-4 ^jJI (j-L-J t4£_>_>JI 3jLl1__I (____: jL_Jl |_l_> 3jJL_ ^-j-j 

jj^^tll ^L>JI _ r _L____JI (jt ^jjjtll ^j .4_rj_>JI g-IUnnl jl-JI ^jiJ 5LL15; 


___. Motor neurons 4-l^^^JI cjLj ■ .nttl <,.j .^j _-J>L-y_jl u ■ r 
Ijl-uj . ^j_>JI ___* ^<-r "Hj BjUj <.J1 _>__ L__jjj_i 4J jj i«U t _-£j___JI Jj-»JI 
Cj^ ir>r ___* _l_!_L_- t rtt .nj jL_JJ 4_j__L>J 1 4 <i U U I Cj^I <ri r ___S JIJuj _p_j_U 
_L__> iu)] i h t Tl ____ JUJL4I1 t n 1 1>> __J_%j _>_»jJLi ^J__J J-^J i 4_uLl_>Jl J->*J 

( - AA ) ojiL LLckIj _Ji__JL u (fi h Sjjjs 

?gU_lt <gi iiiiirill i«f '-*) t U__t -Uklt |t-_--t *M 

Cj^ irtt II __j_l_>Jl l_J___uJ1 _>_3j_4 l_j1_L_vL ___J I 4__jj__ j j-J-£ jj_j£^ 
( Sindbis ViniS _j rtJJ 1 l r n j-ujjj ^ 4U.nl jj jl_ ___. ALS 4j ii^tll 4j_l4_JI 3j_fl__ 
4 m t a l1jL__1 j 3 1j_a i nl ____> t 4-3jj 1 1 1 4____1j_etj _>_>jJJ jj _>^a 1jJL_1jj 
l^ji >hnl i 4< <4-)l .nl.l CjX i^tll 4jJ tll __iL____ >U _-Jj-gSJI lL.1 Mitll JUJl_*__J 

,2l_JI_JI U>L>JI (j-wt-J j^>JLL Ij^t 
Embryonic germ 4 jij L>J1 *Ly-j_ j_>JI L}L>J| (j^^LJI jj^Js j. v V* ...1 
^cJLJI J_l_3 _yo (jL-u-j lV° lV° -LqJ-c L«_£ ( L$Jj^_. l£>^ cr-' cells 

L^L> __Jl 4jjt irn 5jjl <_j a c/>L£ ___JI t ) ^L*JI ___ 4_0£>J_j CjjL__j-l_w (jjj> 

1 >ini 4__J___L_0 ' _ ' ^ L— — _J 1 A ( i t , , ,i |_ya i' / in i ■ i 4 ^__J I i ^-t j t — i i tj i d i i 

(jdj Ju 4jj-Lo t L^-Lu La _«-_ j-__Jl C___jL_l___ L3-_>J1 aJJb C_jjL_u ^j t L-gJ 4__ulU.fl 

L$j ^ L___>/_M ^jla tEmbryoid bodies 4__>,VL 4^jm» UL-j^i u n.n"i 4j^i>. >L_i 

t4 m irtVilt 4_uj_L____tJ1 L^L>JI 4 j J-j Lo _-JJ jjLa__j L4JI ^j__wLJ1 JL> j L_j^L> 
_ JU_ /yi Lua-u j— i5> jJi^ ^j . ^ 1 ^- jn ;\| _j ri-ra 4___>L>> jl j_4 L^_Jj 1 ^L_b1 I <wj«- 

jj_a l_jj__j Lo 1 Lt 1 j . _^__j_L_i_JI _^juJ^_l_li L^_jL_oI 4_j__J—> I 1 j * * 4__j_>Jl ^j--' 
ljL_»_iJ 3-_j _Ll_ U_4 )4__j_>J1 IjjLi 4jLt__il _j|j_L_J1 _y» JUJLtJI _)L_C j^__ll 

ll *l_>j-_- L_Jlj L_u_t L^L>JI l_JJjj j___>_> ^oJ __lll ^jljj-oJI Lol t l-Lclj^ Lc^-o 
.3L__i! 4__jlSj 4_>j_»JI _>£. Sj_>Lc c4Jjl a ^_lj__lj ^^iiLo ^jjj>- CjI j 
t4jj mtll 4_t_l ju>Jl 4_tL>Jl Jjl9 _yj ^jlt*4 Lo ^jl jJ__l j3__-LJI _L^L_J (_-SJj 
CjI 4 iiiljJI _>£- I j " t ) )4 m> t II 4 j >. jJ j j j T 1 4 « j jlL-J 1 jj-a 4__1_L____4 ^jjjjJj 

JSLi !j____^___, L*__ t4_j____J1 Suiij^JI 4 j 1 tll LlvL>JL 4____L>JI 4j . tll 

.(J_>JI 4_j I ^J (ji-p L_Jj___uJj__LJLl |"."n" L5L>J1 


\jr _aJI *J_II 


___> L}L>JI aJJt L_$j C.Uf __i!l 4_JVI _ju_ Lo 1_J9j-*J »1 ii LaJl (jl JL-ij 

rj^JLol^l oJLiA jL -dJj j 1 __ ^^ulJI VI <5__j_>JI 5j1 i" ,,,\ 
__J1 __ j_>*L- _jL__I1 jLaJ ^jm-JI J^kJI Jj->. ^ji->JU L>UJ1 _,t U _ 

.4_JLJ1 L}L>JI (-.Uj l-jI <nll j-^jl! ^m-w 

j-u CjI j n -r c Cjjj_J_I i_jL_-__J11 jL- _JI ___ 4jj n *»J,I L}L_>J! ^juk <jl jT _ 

^LjJ^ L_-Lj 

_-JI CjjLcj C-JL-jfj Cjj irt-yLa i( Jp1jj_ ^j^o l_£J _>1«J L4-4 <*i i^1«— JJ <"» <^rt"i*ilJa 
,__j_> U£ 4___L_ 4a£j->. 4 ni^r L>U__ _-Jj-*l L$j" j_u_, 

<w*__.t M_yM e*u ^iiit e*-M» 

^^ic 4 n j j U*> ^j_i__LJl _ljf La U__ .__jl_j tn\ j_-Je> VI _dj ^ ln L_L>> Lo 
j_£_>Jl _>l_1j_a! £jLc L__j ___>. <£jL_JI L-j_a I Vn nj 4_^ju>J1 4jL>JI 
CjLJI 4 j < r>L_w __j-j 4J 3jj_u-j 4j 4___L_w 4_J| ^JLl ___i J_>.jj -U_i>- . __j____JI 

l 4 _ljLj__ uil _y» Vju 4i r j_>Jl 4-j_L>JL_ t Repair Mechanisms £>L__>VI 

_-_» |-jL______i L$jL_ 4 L$_-~ -JJLjJI Jst* J^L_>VI jl 4>_jn ntl L^LkJl ( j__jj_*_J 

_u_ IjUb _J J___j jJ_j . !__$_!_ <_>__ J1>J1 I m J J Jo t*i £jL___V1 -_L_JT J_u_w 
£jL___>L j*j-_- _^<_jj_4_J 4-j__j_>JI L^L>JI J__l_>u 4_u_*_4 4jjj! t\ Ur j (jjjlo 

.^LSliJliJI 

^t"» ^LJI ___* ^-r >H 4__jjJ_j J. Fallon ojJL__ u"<> .> _^__*j jl_j 
(TGF- Alfa)ji L__Jl_ Jj__>dl j oillJ.U^o ^g^±H^ 4___lj_ 
5j_Ull J_-l jJLI j_u __.___? j_>.jj m;jJI iTransforming growth factor alfa 
^^L__,V1 CjI \\ 0 r _jLjJI <1-ij mim 4 1 „ jUj (jGjjj jj_j tjj_l>J1 ^^Lu 1 j_>. 

.jJI ...jJLIj jlUJIj juSJ-C ^L*____S/I o~« J.juJI ^ 5jj>-jI1 ^IjJI 
jLs j__ ^Jc TGF- alfa <jpjjJ! Ij__ j-jjLj Ijjj o' ^£>^J o^Le jljl 
^>L__>yi j_4_w <jt 1^j->.jJ_ Degenerative L_JjL_*_i1 l.i^r L__>j_j> ^Lu 

J^j^ Ji-a i4_J!>U__V! 4_j-j______J! Ja\j-A$\ jwo 0 i 1 n L__fi J 4 tj V ^l JJI 

1j__ IjUr 1 1 om-w ^-__J ( TGF- alfa _n3jj-i l_>1 j r 4JL_- ^ jj___ij_£jL 
(jl _uj .^_i__Ij J£___j J-cjlj ^!>L___yi __l jl pr c_U 5j_u_5 cjLj«_S_j (jOj^jJI 
5 j 1 u___JI 4-4-c. j_>J1 L>L>JI Jjl_v ^jl,,, jL_ j_« ^ TGF-alfa jryjjj _>-->• 


jj_« _^j_^ 


^ LS SjuJ ^ . ,i n mj J__*3 Subventricular /one £_J_JI __.»_ U 3 nUi- ___ 

( <il*i L4J CjJ_- _)1j___ __£< _j_j>jJ1 I __-> 1j-l__>> _r—- (-^J—Jj t L»L_j u ii"V" pj 

4_> j m Nigro striated neurons ^UU^I <J_j__J1 cjLj ■ »11 L>U- ___ 
t Hydroxydopamine -*\ ji _jro»Lj_ ^i.^j.y ja _ "l 0 « . .."i 3_Lu 1 g o o < n" I 

_>_aj_-a 4_j___u 1 — 4 __)1j__-V c-Jjl 7" ~T1 _jL1j_j__- ___3 j*> l V *> < m" ^ylJl (jr^J 

4_j_c_l_>JI L>L__>J1 _ji ( _)___>J1 _vo |*Ll 3, v c juu <jjJL__ jl_>.j <_)j . .. m ^jL 

|«j tdj_vL^o _jL_*-j_-i J_\ <1i _y_ _jfrL>- *4_sJ__Jl J^loLiU __JJ u_*.L>. JlB 4 j i r^itTi 
_j_aLjjJl jj--u 4-_iJ j i i r L^L__ __J1 < ** 1 1 n in s_j _J L5L_>J1 £ Ju_ (."."i j TLa 

3 j . «j 4 .jU jL_Jl ____c 4 ^jnKV1 -_jL__J1 c_jL_ .Dopamine neurons 

_£l __L uj ^Jj i4jjL_>j_a _jLg>L_ _£? 4-j1c jflU"i ^oJj i jL_J1 u ti ni jJ_2 4jL»JJ 

. 1 ' ' _j tj jU j-U_ _J jl__ 


^ jj <i -? <jj '"'J^jW _>^J— 0 L>J— — (J-_>.LjJ1 ("ilt -y- 4 <i g 4 4 n m _JI__4> 

-oLcjj 4jL__JJ j! 4__JL_J1 4_*____M ^M-c ^ ^j_>Jl L*>L>JI f 1jV", ,„_ 

J_J__ Jl_vIj £jj __!! 4jw}Lc ___ £-_^ej _j j ■ " 'J^ jL _>^>* _)l _-->J i L$jLu 
4jl.mll LM-i*J1 _>* _J--1 1j-A _)t L__-T^ ^"M 4_4_l____jJ1 L^L>J1 

_j. S__ 1 JUkj . j-l I (j^s tUn JL_- 1 j 

4_j_t___j_l1 L>L>JI jjl 4jJJL_j _U_l_- t u i m 


Jj__>JI cjLI tA _-_ M 5 o .^L__oV1 jJalj— « c-_a 



jj t "i.T LiJJij t 3jjj__*__-i *Ll__J1 3 j i ii \ _)j__j Spinal cord injury __£j m.TI 
U^» iL^j 4_w_____*_Jl1 4_lj____J1 LMj>J1 ^Ijj! _jl_j _-JLJLj 4 _jLLx_>V1 j-__Ij-- 

jl «j 7%T1 _jLL__al _>» __4_9 I jJ t 51j t-" ii. a JJL-p JjsLSLJI ^>L_J1 4 jU r Jjl^j 
_jj__j l-j-La <- LLlI 4 1 1 .1*1 L-JLlib _>__! . LoLj L>>Lc L^>jLc < 1 1 1 ^ j _-jJ l _j 1 1 r> t T 1 
j__ _ jLSL-yi jJL_* _ _)Vl 4 lt _ »1 o-i-Jl JjL_*_> ^jJL-i t 5jj t a= <*j 4_uj_>. 
_djj-_>ij _>>a y___a _P_jjJ,l o i LoLcj I g -w^Lc _j_i_Jj 4jL_oV1 


4j- jJLI ^»V^1 _ya J_>JI j! ( _3>LLd)*1 _-L_ U_J>>_ ^JLC Vju !M-l_- 4_aJJ3 

. 4tTl^fl (J-— — — ___J I 


^j^ 


_;j-^» 


6-jC\?ll "<Vj|-*ll 


J$-<-- J-g-9 f_J j~4J i^^L-JI J^-_- £jj-«__" j j " ■ '_ ^ jW l^J^ lt^ 3_jj__j 

^-i-- ,V ^ T fl 4-^l__jV_i1 5jijU i »T Jjfc (_j__>j_U I JL^J l_)l j $ Mil J-Jj < 4__-_ I J _jJ I 

La j__^ ,y_ jj«J-JI 4___l j___l ij_p ^_J>L__.Vi _, yntW _>-*j->1 I JL^a •lS^--' 

* < t < n j Ju ___> 4___LiUjL _>__1j__ -M _ j__ Jj! I Jl_u <"m^. mn ^Tl Jl_j 

I , J * ^ -r "i j jf I Jl__L>. JjLstJj t4 j<r I o rj __.Jl_>_j (_-4-_- . L-^J-L- 5j U j , n\\ 
_>__jj-U _>— — j _— - < rtlVj L - j-Aj * LoLu l_JJ j j-C j a: t j 4jI *_/] 1 gj1f j tnj * _jj 
J_jj_>_ja jjjl-lL >L__>3 Jj ■> T j I i_LUj . _»j__*_c j 4 ii t ua c lj->« 1 j i -L_ Ijj t 

4jj_j 4_jLj <u^o>. ^jJJ oIj-*-uj J-<-ujj jl>_U ^Ljl ^ jlf> (j; JJ! _£>-£ 

LgJ _ jU*i r ii j V ^ 3_Jl OjLi i 4__i Jlj Lg-B JUfc (___» i— kj_au L^S jjfc __j_ij J <jT 
l_L- L#J L_J i4jjL__ _jL J-*J j ti <ij L-Jua jl _£____J1 _ya j j t ir> ^J_3 _dl ■ n al 

jl jj_J _>-*jJ1 j»J SJ J-AJ __J_ J __) .<"r I Cjl _____ Ljj i ____>. j! Lli_L- l_l 

___■ 4jj_t__cD L__> j___J-j i L^j£j_>. <___» 4_)j_*___> __Jj _$jJj Lx-- *4_)^L_o l__1j_L-_M 

. 4j_IjV I Cj_ij_>JL 3j-LII ___. 4jjjl__>j t(J miU 4jUr 
4_u j i i n t 1 1 L}L>JI »-jj-« (_-JJ _) j r ii 'j^jL _P_j_a _j j m t-_ V "i U Ij-C JU3 j 

Substantia nigra & striatumU-- ^il ^ _>ji>^ t>H J^iP (___JINeurons 

_ 4i_Lj 4_ij l j o j^ 3jLa (j-Aj - tj-aLjjjJI 3jLa 4_uj j i n t T I L^L>Jl jj_aj __-l_- i 

_-____> j ,^L_JI t>>JI 4-- 4-ljj i tTI L>L>J! r.jj- ^l JjVl ^j^JI _j-« 

4\_j_>. ^__3t_j ___!1 __M intlT 4j JlaJLI l_jL____V| ^ j In T\ 4jl nr ___> _/_iiLjjjJl 
^.l.; 3 j In j ■ „11 jl Jl_L_ ^.Jl ^JjJ CjLj i t<~i tTI L>L_v Cjj-« (jL_ IjJ . JL__-j>JI 
_>_3>j-o L^-olj-C I jj_4_5 |*j _yaj (4__j__»JI ___ 4jj___i__ ^-JLjJLj < Jl___>J1 4__j_j- 
____- 4__j(j___4 j-_-__ 4-jjj i in tTI L>L>JI Oj_- <—il i inl (j-J - _jj_______t_-jLi 

v j U r,iVl tf JL_ 4_)L__ ____J (___ J_Vl ____. _ JUJ__fc_JL 

u^uiu e** 

___ 4 j C Jlj>J I L>L>JI |>l l Vi jrG j-a- j"ilj__-_-l l_JL__ (jl _M__1 L_5 j_C 

4-jI_*JI __--, Jj_-___>JI jl-jj t (jj i nij^jL _>_3j_~ 4JL_- ___5j J^ mu (T^L sJI 

L^L>JI _*_>__ 4_wjj ji Lal t-^-l ij-4___*JLI gjjl o "tll j-jj-J 4 i r r/Lil 4 jr Jl->JI 

3jUL 4__*__ilj -4jJ- __jj-c j-U _jLj_j___jlJI L^L>- ^JI jjl oT _____! 4 j r j_>JI 
Trophic tactors 3j-__>_Uj 4_ij_JL1 4__oL>JI JjsIj__!1 ^jj-j-j -JJjj * jruoLjjJI 


OJ ' " ij*\?W L^J^ 4JL_>- • L-> j <w I t i i nLill i U i njJI j-j__jj l_L*JL_j t jjl n "iH 

t< ", | j" i nt,l ^ja J-oL-> j-iiL J^ -Lu jjLjj_jj 4jC _JL>JI Lj*L>Jl 4 J_-b Jj*->o jjl ( i ~r j 
_ V II 4 j "i i n -»JI 4__l-l-JL Sj-jLLo _ 4JL>»!j J i *w m"! ,j__ljjJI __JI J_l_j 

jl jj l— «jj ._j^LjjjJI jj j j i r Lj»___- ^jjl ^LUI L__>jjLo_ij L__j_oj 
j_A ___s ajALua- 4 i^>.r>V"iU ^jj_. 4_t__ ju>Jl L*}L>JI *_-__ . Implantation £jj_i 

tL$j -U-Cjj 3juJu>JI 4 m i IL jjljj I ^lt-atj Lo ^it i^iTI _j_-LLI ^j-__jjJ.I 

jpoj l_jIjL___I (j_<o (jjljn^iiiij Lo Jirt"(n"j ^jjj-a"_j Lo -_jj____jj (jjJ_> Lj Lo J_Tl_J_ 
(3_X-jJL_>JI 4 jj Jl J_A I 4 mi j f jii jt"i I _ U ~rj L_oi i L_.j__lCJ 4_jj1 j^ j^ jI j^o 
JfC _-__ ^ fl l~ i a JljJlIc -r j im ^J i L_P jj_5_jj ^ ^ i t"i _ i^_4_^L>o jl Vj LiLL-u ^vL_a 
.(jyjLjjJJ 5jjj-JJ l_jLj n*~it II LjL>> ^-Jl jjLuj J_t__£ j__Ju_CJ i ^(jr^u 
_^__>-LJI JL) (J^e-J J t miJ La j_A -_j___jLII 4_^_1_>J| 4-J_>JI ^lr Jj_l___>J1 jl 
__--- 4 i n li i (j-aj^-LI L5L>- ^jLj- J_l£5 _yi Lj-O L_o-_j t^JbjL^j (jJ-OJ o J l <j i >ijj 

j)j « 1 U~n (j^i_-.LJI j)i jljj . 4_cL_LI j_jjc j 4_cL_JLI J_CI m, -i ^.JLc < .U~-ll 4L_-j jj> 

j)-^ ^jS-j ^cJ jJ (_--"->• i4_JI (jj) j ' <aj Lo ^jUtl ,j__JI 4_lC JL>Jl Lj^L_»Jl J-____li ^.Jl 

: L>L>JI ^JlA 4J_Lo!d t 4 . u-aj ^j-ajjJLI L>L>. 

t Adult neural stem cells 4^1 LJt a.nniH ^l-c jL^t b^J \ - \ 

JLs-j ^pJI .jjlj-jJKJ! jl jL_-j^l (j_-i 3jj_>.m 4-iJLJI 4 iimtll L>L>JI ^---.J 

L^jt - Ijl-Ij L^-JI 4_jlaL>. l_JL__j - B.A. Weiss S ( Reynolds jjJj-bjj 

i I oj-i j j j t "i I J_>- JuJI jj J ^jja L^-Lo dj_vj_ll L_0_xJLi j i ~i ^ JL I _--B jj o i" V 

(j--i __J jVl ~*j__-jJLI J_>.ljJl ^-J- C_jL£ I o l(j Miti t 4 j mi"i 6 j j 1 1 ^ 4_J_>. Jjjlj _--->. 
I ^ ~r aLjj ^-J- l_jI^->3__>o *lj-_>-L Ju L-JJj l_jJl_--_j ^yS-Ij •l-''J 7JI _^L-_JI 

.^-L-ll ^ijiyi ^LUI J_>.lj^ ^ J-^j-j V Lj-ul^ LLljw UL-^L-_ ^lj^JI 

,( 1A ^ Jj__2_9 L ji--iLjjJI jj-aj 4-jjj j t^tC L^L>- ^l 1_^Jjj_>J Lo-ci-Lol ^LjJLj 

lEmbryonic stem cell ^Ju>-^Ujr b^i -T 

. jt___JI 4_uj "II 4 jl^ljJl 4j^L>JI 4-L___JI L>L_>- j_o OJL_>-l ^.Jjlj 

LjL_>JI <~iUr I _ 4 t uuLLo 4 *r j t o -__jjJ_> l1_>J _ j 1 "1 ^sll ^.i- <~i"t im miI 

jjl <i "II ^-J-C L_^jJl___j 4 U n "1 ste a j j_1j ,*l Vm -w _--Aj 1 4___J_ij->J I 4 j r j_->Jl 
CjLj i \r\ t II L^-_>. ^_4-_-JL 1 _ i n j i 4-jj9 l_jj-CjJLI L^LpJI ^jj __JJ jriinV"illj 
L^LiJI A 4j_ Ijj JLlj »1 U--v I l_jjJL_- ^jwo j_Jj L__tj_>Jl ^j-J .^j-u-LjjJJ 3jj-aJLl 


4jr \tiII ^jItiII 


L>L_>JI j^__ L}U_ 4__jjJi1 4 jr j >JI L}L_>JI ^jla Jj -r __j i^JLl <_.__ 

_j!jLj__ ^-Jl Jj ~r V) JL_J jl t4 j o Ur j! 4jJlj_£ L*}L>. Jj-4 4*>j_>.j_LI 4 j j t ^ * 1 1 

Thomas Okarma LjjL-jI _>-l_4j_ jj__£jJI _>_J ITeratomas Ji* 4_JU->j--_ 
_>- Ij __ j T t 4-SjjJaj 4j( j__j i4jj j -»J1 Lxj>- jJj LSllU jij^-j^K 4_>j___ _-_* 

.4 -r ,XL "W£ L>L_~ _-Jl 4j> ti-JI 4 jiji^JI 4_j__ j_>J| L}L>Jl 4 
£U tj i*i jJ.1 ___* _JJjj (JryaLjjJl jj-AJ _--J1 4-Jj j in tll L*>L>J1 l_Jj I fl ijj 

IjhOtj iParkinson's disease gj ■■■ ij^jL o^j^e j-- ___ L_j-cjj 

. ( ^ _^_I>. LJI Qjj_-T £j— tl La j-Aj * JbjjtLa _j r u >_ JJ^-J 

tUmbilical cord stem cells (^j-^* J^tli^^^^tli b^iyi-r 

r.(Jj___JI J_pJI ^J ^yS 3jj9jj Jljwjjj <j_J_J 4jj__4 4_JL 4_j_c, j>. L">L>. ___J 

L5L>. ^yJI _ 1 g >j— — > (3^1— —Jl JjjJ-JL _ j j "i >ll L$Jjj__>J Ll__jI tj^—ajj 

(\\r) » ... 
. 4 m<^> ■ 4 4 j i mr 

tHuman stem cell of bone marrow ^lla^i^j^^u^^i^^tb^i^ut 

:4_i_. j_>Jl L^LkJI _>* JjJLaJI __!__ ^LtajJl _--__» Li>-*^ 

,(4^(jJho _ )*/)) HSCSj-jJJ 4____UI 4_^j_>J1 L>UJI _ 
. Stromal stem cell 4_^ j^JI Ujjj_JI L^UJI _ 

. 4jrij1H 4_4___J| 4-r ,..'i.Mj L-LJjli^illj ^L___JJ 4_J_HI Lj^Ll-JI L*>_w _ 

.Mesenchymal stem cells 4^j_>JI JUj<'tj-J,l ji 4^_*JJ1 L^L>. _ 
. Precursor endothelial cells 4jj_jJ1 jjl>J 4iU.ll 4_Jj_*l L}L>J1 _ 

.Precursor blood cells 4_JjVl j-jJI L>L- _ 

. 4 y i*nL « LJajjj tf.lj.4_v ^-j Lj*L>. _ 

L>L_>. j ^jlU 4_l___ill 4 j r j,~J1 LM-_*JI j__ ^Llll lju_ _-_ I i o _; jJI j 

4 j i r L*}L_- __J] I o (jia _£l Jjj__»J ij_-4J ___j__- <4 j r ^sTl 1—4 Jj " r nll 

L>L_~ JjJ__>U (jO__-L_JI jr> *J j>-~4J I <1 ^ .(j>— ^Lj-Jl £-U_i 4 ir^ V "j 4 

. (UL "^ r) 4-u 3r nC L5L-. yjl 4_JLJI 4_u_j_>Jl JU^j_JI j? 4^_JJ1 

:Fetal brain tissue Transplants ^U-U-Wi^i 4 >,H,'ii bM>- 

_-J_ __j L___-c 'VI j jJLI j_>>1j-_>. ^-1___ _tl_> i \\A' j-LJI ___. 4___-_-Jl ?JL_i3j 

4— a- " iU Chromaffin j^L-^jjJbJI L^L_>. J__J j<L _j_ t jL__%- A j _tL ...^U 
4 nUiU _-J! jj .„ ij^jL _>_ojJ Adrenal gland 4jjU<T1 5j__I1 ^ ^LjjJJ 


sL*.___ll o_jl-~j <4 m. n\ (j__u>JLI (____ Nigra- striatal area Sj_i_-J,1 *I_j___J1 

4jj-3c_jJ1 j__J . J->j_3tLo jSLi_» ^c4jMj_>J riiin^j jj^_-_*l (_____> jjlj <j__UjJLI jl 
»1 alr 4 nrt^ (_£jJI ^-LaeJJl lj-$j J-__>u 4_i_oj_a_'l Sjjeoll oL _jJ1 __$ 1 fl iif 
jl ( ** r j I j ^oJ , U j i nj j i ii -h" J-Aj t nj t 4 t _g-lj"j.4 ^jLljJI Cj*L>- J-___S it M j i ii*S U 

"LJj->. L_$j? LiiJj u \ c jj .4__JjjJlj J-ajJI 4 jU r j-a ^Lc j__j ^ <i 1 -_ ! 

i jJll __£> j_>- _1j 4jK11 JUC L_-_L>J ^jjj jU^y j_i___a ___> ^Juaj OjL.3 * j_nj>^JJ 
jJI jj_ae-tJI jj ' iiij^jlj ^jiaJj-a 3L-- ljt^- 4 J^ jrt*- 3jjJ--->. J_--_!-J _>jJ1 j-a _"! 

^ j-ajJl j_a tjrt i m (^Julj 
4 ^"'tU 4_ijj i %]\ Lj^Lj>JI (_1c Ijlm tj jl joj-i-T jj*i -L jljl J-lj3 /ya_j 

Lars j__Jj1 ;jjjjV ^yCJu ___>.L J_u j_>. . jll j_*j ^-J-j-l^JI L^jLSl wa juoLjjJJ 

5j j t 1 rt <Alju\ t^jjj Mitll (jjJUl j-^ CiljM 1 1 i nll 4jI JL> -r j U 4j_jjj_j Olsen 

j-a j_aLjjJJ Sjj-_-U CjLj u^itll LjL>. L4J inill jl jjojJI 4 1 o7s a j_i-C ^l) 4jjoL 
L>L>Jl jl 1j_i_>.j__ ijJL j_i-J j_J_ jryJ "Lj-aLo _ I 3j_-i__>J1 __J1 jlJ_ jrt__>. j-a 

4-u jnr i r L>L>. - » k^I (____>. .-LI^JJI ___>. \ $y i r i i j L_j-cj Jj-oIjj 
(__!_- jSL! it__ljj__i j miT __JI j_- Jlaj Ojj^w i 1 ^ , ii _j -Uj_j___JIj . jryaLjjJJ 4_-f *i i a 
(jjl Sj_j_t_j-__J1 4_1>.MJ 4 3e i iiVVl ^_JJ_j l^i__j jv>. t jj i ,i (j^L ^j^j^i-i -ULi__JLI 3jj_il1 
(^jJl j-joV1 iCiii^ JL_3 (j-^jli ^j-olj-ci jl IjJUwjJa L-f-vl_it-jsi ^y- 4jI m U ^LII 

V j 4f Ljl j*i"wl (j___4>.j j-L_j>- jjs 4_j*_j_uji ljjL_>.L_ j_j___,i j-ci>»L ^j-ci 

4 t y mi a ^LjJ (j-i-C ljlir> tt *3 t jj inij ^jL ^-j-Oj-- j_va (____ C__-jjj j-jjLl-iI ^ ^-JJ 
/ jj i dij^jL J__a j jU^w (j-aj-a ^MjJ 4j1 Jj_C L^j j---J V 4_u1d^ 

■Brain neural cells of fetal pig j_j>^i wO-wl ^*» j.4 4innr 1_>^L>> _ i 

ISjJl) 4jj_j_j>J1 Lj-^-jJjiC.U jh*i (r-L->- jrt-l_ij___j (__-3 jj **( -_.LJI A V V "( i ii I 

4j.i^t1l L)>UJI ( j__j-L»j-aVl Diacrine jjl j-SLo 4£>_ij Genzyme ^ 


jjj— 41 r—^J - o-^^^ t j j M . ij< jLi L _-_-_>j__- ^ _Aj__cjjj ij_jJ>- jy^ 0-* 
^c-cj ( J_>j_3t_-a j i ii VI (jj I jlr j^l*^j ^oJ _ ^J 4_>. 1j->J I * 1j-_>- 1 (jjlc. Ij-^-i ^ A 

^v) -^j, ^ ^ LjL>J1 jjcj 

j_c jy_jw LJ1 jU_ t Lbj j r j 4 j r ,'v ^Jl L>L>JI j-a ^1jJV1 ^jub J_T ^j-Cjj 
oJJj j-jo (j] ^lj ^J j * "i i.i j ^oJ i j j i . i ij < jL ^j-o j__a j_a j_>-L-JI A n ,m1 I 

L*M-J- jV LiUjj * jr)_aLjJ-JI jj^_J 4-j-jj j r LMJw ^Utl j! jfLaj L!>L>JI 


Ajr'\?ll ^jItiII 


_>_- L_-j c-^jr^ 1 (j i r> n i j L<__l J 0_iL£ \ q jlr _jj 1 i s> -> j ljjL_* _-JJl __Lj _i m t II 
L-bjjL^j j 1 L^j-_-*J ^JL_l_w£_II __-3 JL>-JJ __l]1 jl 4_j1___» _M 4_u j u^nll L}L>J1 
. 1__L_>j . , . 4jjlj_.V1 L^JtLa^ 4__J tMlja LaL I , n i n V"i l^inm V"jj 

._ t __j > _i)/1 4_4_-JI 4_*___JI \ ^to> *Ron McKay ^L-TLa jjj jj-I-jJI _>_Uj 

LM__w __JJ jjl c\ T\ jl rtU 4_j_j__»J1 4_j_c Jl_>J1 LjjVL__*JI Jt _ya _*jJl-C,1 m, aj 
j o ii 4_u_L>JI __ajjJ_Jl _j_4 j_l_i (ji_- l_1J_j i^j-uaLj- jj-_J 4_3t___1j 4_u j i is-i c 

4 , ,j ,U1I ( __>j J J_JI l_Uj_, Ijlno t j£LII _--L^JI ^L-JI luIjJLs ^ L}L>J1 
ji ___IjJIj .__JjVl 4jm^TI L43L0- djj_TL <___ (jLaj ^Ll L}L>JI 4Uj-*U 

4 j i j t U T I I fl j * j j ____ La__C __jj_>JI j j j t"i T I 4 jl 0 r _ j_jj_>JLl ___-! _ 'U 1 i'r> 

_r_>JI I J-c.j \ LoLu 4___ j j t jj Jg tj _^_>JI I jub ^j_JL_ t 4_j___l_L>J I 1_^jL_j !j 

LjL_SfcJ i_Jl «1 4 _*! u & 4 1 r n 1 1 J (4jj1 __-3_J-J 4JLL__4 irilUj J_«_±J V 4______U 

I fl 1 fl 3 j L^_4__ _yi 4_j_4-Bj 4_dj U i a L4-I i ^j-u-aLi jjJ 1 -y 1 n _/, Tl oL jj____*J I 

-J^jii _l Ju_i (____- Jju__-j j_u_>JU _-_-) (_^l-_-J L_>LlJ ^cu . (. L_J Lo L$jj L$jl-J j_i__> 

^yjl 4_l__u _£_jJI *QJ ■ " ' _-jL> j-pj-4 £>___ jl < nj n s_J ___) L$_a .1 V" . u I ^oj * Lgjuo 

__5ljl_ _M (___! jJJJ _-jJI L_i_J ___>JJ_JI J-__>J| ( ■ Ij l^l" (jy-JI __LL_t__)Vl _JPU 

Myelin^-iAjJI l__MJJI U \ n ni (__-_! I 4 j . _JI L^LJtJJ Axons 4jjj_>ai 
. L>L_>JI _aj 4j . -___J1 4JL__jJl J__j 4 jU r ____) jiijj Lj__ tL^j JojjJLI sheath 

4__*uJ c Lj^M kJI 4 U ■ ,>l j_> Jj n j ____i____JI __i>l _JI Ij-J-J 

LM-_>. 4U,..Ijjj ^j^j-^ 1 ui l ^ *^ jl Oligodendrocytes j-iljjJI 

^jV _j_4 J5C _>__>. _JJjJ .^jJ-JI __ . .^t tJI jL6_>JI ^ Schwann cells olj-i 
T- *\ |_L__J1 ^.e ^j>L_-3j G. *Raisman _)L_-j^_ijj *Y* • • ^L-tJI ^ S t Liu 
^jl ,,, jL_J 4_jj_t__>. 4 j r '1 > L>L_- (j-4. 5jjL_w.II Oligodendrocytes L>L_>. 

4j_L_bjJI 4__J_JI _j__i ___ij___JI Jj->JI _£j-~JJ -jLl__vO j-»-1 J L_ ___) 1 Q 1 <i -r ) tj^jUTL 
__-ijU L-^jlj (_jIj_j-_JI ailJb (____ Joj t \ a (j____>u OjJL-- IjJL>-j-_> i4j 4 U j -kJLI 


j/_i>.LJI (jl ojjL_*_-i J-Li-j ^jL^ (jlj .4_uLj 3j_a 4 j ri 1 ^ J 1 «Ijlai 


Y-o ^UJI ^j . (r " } L>LSJ!*Jl* Uj oU r -uJV1 LUS Ij^jju <J 
o^jjj fj\ lj->_£&\ V <____ j.>L__JI Uojlc <___. The Week £j^-»Vl <L^a L-jj-j_j 
lj---o- i Ljjj-ijJl^ 4_juaLflt_» jjuj <jL__ (_-i. 4___jjj_j Robert HoHman _jL_ej-_> 

La f Ji___j l-jI ua a jl__ (___) _ (j^fl ~r a ^j-Jlu tji___> ^jja __.j_>.1 _ 4_l__ j__> L^Li- 
. , U fT fl JJ fl iii 4-jujI Jlju j j i nllj 4_£j__>Jl 5jl t" i n I (_-__£_ jL__JI SjJuL- ^-JJ ^jl 

J____fl Jjjc_-j ^J 2L_^-Jl>JI LjL>JI (jl 1jjl>j ^.JsL-JLI j L_JI (jj__>LJ1 ^j-_-j tl^-J 
L«_£ c -_Aj i<___-_>jJI L_9>UJI L5L>. O Ur 1 1 i>\)\ \ $&\ i i-jj j j . r> r L!>L> ^-JJ 

^j . jJLL 4__u-__a__JI __sLjVl Jo-oJo L_^}L> (j-« ^-lll L!>L_>JI ^j-o 4-_L_L L_flj--_j 

l_Jj-jjj J___>lj i3j j"'Uj 4 mi-^JlII L-> jJ j j i 1 1 l_j L> L_o_/a ^ lr C_Jj 4 iMj -Lj__>-. 
Jj_-<___>Ji (j-ij T * * 0 ^LuM ^j-jj j_j-*_9jj ^yS (j-Lo-i <"ij ~v 1 5j o"i 1, 1 4jjL>_j (jL-flj_A 

Hair 3 j t H -_jIj-_>J 4_-_JL_Jl 4 jr,'i >J1 4 J_>Ji ^ -ujj ■ ,^ r LM_> ^-J-c 
L__ol Lg-Lo J j i n ->J I _j-^*! u" * .' ^ L5i>--^' mi La itbllicle stem cells 

4Uj-nII 4j___jjJ1 L}L>J1 ^IjjI jl_>i iSchwann cells jljJ. LM_> <_-_-_. 

^5L_-__I (j-S-jaj ->L'it_-i i_j1j_-__i L5L___j i i , r\ *\\ jj. ^L-^J .<n i in »H jj ~r <ii 
oj__b lj__ljj (jry> Jj__aJL ^j La IjLAj » 4__JLlII -L-t_3j-l_JI c-jl ir^r Vl ^ CjIj t"Jl 

jl L4_L&j_<- 4 > i i Jl L_-jL__j t L_l__il! ( unr ^ L-aij ^Lu jL__5 ^ L>L_>JI 

^ T ^ 4_ULJ 5j_A ^--i-JLI ^-JjC 3jJL-UI i lj<" i nj (jl jLaJI ^lln"< ■ n! 
< itn**- Ji-JJ ^JjJ (_>--»JjJL 4-_ij_>Jl Sjjju Lo LcjJ 1j mi i o JJLu j-4^1 ( jl£' Ijlj 
1 fl <ij rtV"> JbjJ - JLjJLI Jj i mi (_-__-: - 4-jL-JLI ^ 4 i i t <i LaVl (jjLtJ dl t 4-4JL_ ^-Js 
(___- lj mi i a JJ-jJ ^J |»Lc J^ mi i < n l*"i t- j j--jV| (jli. il-u-_- tnc (_>_-j_^ (_$t jl 
J_L___jJl J___j 4 jU t fl .^j-J-JI Jj-=tU ^j jU^llj 3JLJJL-__JI 0__jL-oVI Cj^L> 
LjL_> L^jJj 4 jl o r _ ^^Sjl\ u i tll jL_5_>J1 _ jJLl ^j-Ljj 4_laj 4 j j m tll 
t (j r> i n Vi 1 1 4_JL__ ^j->.Vl 4 j j --_ 1 1 1 L5L>JI (j-4 JUJL__J1 (j_-i Lbj_i£.j 4-uj i mr 
^Lj SjLcl 4 jU r (jl L«-_i .l_jj_3j_xjj ^-_-3t_>aj (j rt" 4 (J---L-JJ 4_fl_) (_yfl j j i n") ^_fC 
(j-a OjL£ L*fi 1 ^"nijU j ^-Jl L^jjjjCj l^jU r j-fllj-cj J i 1 ^lt >>J L^L>JI eJJb 
4 tj i li II (j-ul j_3 (j.i^r jJl-u 4jl <i r (__-3-fl - 4j1 VU 4 1 1 < ^> (jjSu jL£j 4jL r * Jjl3 
(j__jlj-__ _ 3Li__>JI (__J3 1 ^ " < . r j ( fl<- rj _ j j l-J I (_-_5 L-_i_ j-J L_^jV i((j--jjJI) 
(j| L_U-p- i L_>j^_Jl> ^j-o 4j_L__JL1 j-_u j-A 1 j-A <jj_L JLflj i l_^L>_jl (_-J3j L_vjJj-i-JI 


cLj_CjJI jAjlj__j_ . Jjlcjl m*M _*__>M_x_i *^j-r , <-> q __» aJlj > l i n H JL__> j j < nj *L2-Jl 
>.V J*ju 4^J! ^ ^ J* - uiU^ l dJfl ,„'i J jU <jj . *l_LJI J& 

^jb 4 tj iUTI jl JL-U t-LpJI Jl_lS <_-___. 4 jl^Jl ^ . jj J\ j-A J__J_j_ JL-v1j l-_JLA 
- jju _>-j 4 _ J<U L4J /jf t- j^ tVjl I^mMjB £Ueu <jt 

j-__*__ i4 1 j it^ll _/__ lj_.il ^ j-jJ1 ^l VI U Lj^jJj-lJI jl 4 n.n^Jl J^J 
i jjUr ^ L__jL__I 5j ia 4_l_i j_>Jl 4 jl_>JI cL_LJI ___. 4_i__,jJI -_stJ___l jj-*j 

Ji ^b-JJI I JLd> ^-'14* - L-Uj ^ j_*J3 Jjl-JLij _ I 4t j.Inll (jrt-l^ <_---£■ 

J-jlj_j.4-4 Laj ^njjl a LjL) jJ <_--->• tLx_x^jJj_xJl L^jLj-L <____ (j$j->«_ 4 tj iUM 

^JJj Iju jjj il^jlj 4 tj>UTL 4 tj ,UI1 Jc -__LL_JI ^ £j_ VI 4_^jl_>J1 4-iL>Jl 

-LiJl La\ t(4_oL_>- <___. l__J_ jl £J^) J^ Lc_jlj ^JL^JLS- . ^j-i-l 5jj-__o ^ 
Jl^Ljj t __L__ ^-jjl (jj-i <j_« 4jL-JJ J nt a j^ol ^_j Jl___l_>J I L}L>J ^jitAjJLl ^Jc-lll 
^>L__ ^L-C? 4 <uJjJ3 4 r n n *» l_J j-oj ^ji J_____>Jl J 0 j -r j ^__9 . ^LjjL L_1__J 

4_J__ JjUo 1 1 Jsjl 4 tj iUII JL __-__ jUj&j V __j 4jlr Jj __*___ »jL_>Jl (jx»jJl 
« j-A t,L_0 4 j « i»*)J 4__t-v 4 -lL-_ ') LLcJ ^jSJ l4___>. 4 j <Ti V tL_> j 4 oK J->aLj-J-J 
3 j j t"< aj 4 1 1 uL-L 4_oj_JI C-jI-T Llj t [4 ingj 4_1_l_J1 Jya c L>- j— «Vl J-_)I J ^--3 ^L^jJl 
^Lj__u 5 j c \ y\\ 4 j 1^>JI OfL> jL__Jg I jj t(jr ___ Vj V t" V 4 fl M ij t_jljj 
4_^JljkJ1 4_iL>JIj . 4jI j ^jJ-dl jJ-^Jl jl -r f 1 j.-rt a 4 5 jrt >Jl ^-3 jjfc (j__--J->» 

L>L>JI ^Lu j-J-JL ^LlJI Ij-a _>-ij L -J-_j ^UJL 4^Ijl^J1 4t j .UH ^-1-- ojj 

Cj^LuojJI ^ju^L^a ^JI ^l "i se j 4-La j j t <_. tj_-*J_ t (j -j______J I jL$_>Jlj 4 j 1 is\ %1\ 

4_JL>JL oj "' Ll-jW lP 3 ^ j;^Lc jLa IjJ . La 4 <ijhj ^JJJ ^ l_.j4_j____^__1)j 

Spinal^j lUI Jj->JI oLL___>j ^M_c I j .-.< lj_«l jijSL 5u___ ji->J' 
L>L->J1 ^lj-i ^y. jj-j-JJI oi jaj tjjuii ^ LlLLc I « < -iUjj tcord injury 

^y_ ' t l-JLJI j t La (j-oj-<a jl __jjL> < ■ <n c <:lj___ t 3j_4jJLl jl ^L___JL1 4 j i < ^ t J 1 
. jMaJI 4__jjJo ^_J3 I JJlju La-AjjJU jL-_>j__j ^^___J1 Jj_>JI ^yS 4-)Ll_oV1 j_s1 
.ĕ*JjJL_%-A *L__l-_J1 4 i ■ * J-_____) La i -LU . . . t - , , ,, it 4___Lq__l L^_j1 j L ^ >■ ^__3 Jl 

. Lil^J 4 r j-* t 4JL_ S -_L__V1 -jla jSJ -5lj^- ... ^ ^juj Jx»L5-J1 ^M-jJI 4 jU r.j 
LjLJkJI Ja 4jjjl-_-JI aii&s t4-^-__>JI 4_oL>JI ^_oLj_J Lu_4_) JjjJ <___j___jj 

La L_Uj__ jj-Lj ^__j_4-u J>J1j t4 j C 4-_JL>J| j_-LjJ ^.J. ^jo I4J 4_jLl_-J.I 

.jj-aj-ij l^-r aLjU _--3j «'i-rji L_.j1j___-I ^ L_-> J 


JJ^ ^J-^» 


^JLc Sjuju^ jl j---i l_jL_i_____>I _,__ jjJ__^ ^j___ I gli *^LjVI 

^ j jo-Sjj V0 ^ i£j__Jl ___i Lfl-al.t V" , „\ JjjJo iSjj «»"j 4_lC j^Jl 4_lL>JI 
4_i_«L>.j 4-4_jJjjL_JI 4 1 ^LpJI ^yS UJ-^J-*^ 0£U$^ UJ-^W j>-^ Y' • _ ^LsJI 

_ Kang Kyung-sun _j^j__ jJl^ __L__j _ ^j.-JI J-^JI ^jJ Jj__, -dJuj 

Multipotent adult stem cell 4_-JL 4 ir U L}L_- 4__J jj IjJ_U_ 

4 t r n" jjjS j_j1 J__JI 3jL_Ut_5 4jj 1 jj fl 4_i__JjI -^J__JI Jj_>J I _-_! _£ J___J I J-J_>Jl 

<jr->- 4 t-_&JLa 4_a- j~m H ___jl£j 1( __j___JI Ja_*Jl ___! L^JjL-o^/ 4_ae_J_i LoLc j____- 

J}Lc _M c_-cjJ jl_j _ 4__e j ^ * j jr W Jl ^lj^c-M __l j 4_t__jjJLI c___l_____J 
L-Oj __u j j i nTlj 4_ij_>Jl ^lr L^JjJL- 5jl -J i ui - l_4_>-jl (JjJ" 1 O-* 4Jj___JI 
^j-lLLs J__aJ ^jja 4j_5j-_- jjj <j_- ^l y u _dJj r^J JL-Jj . J_— ' _£L_i 4-1 t" i nVI _jjj 

5l_^I 4JJLJI "^cj-^JI L>UJI -dJjj.4jjJ-.JI 4JJLJI 4_x__j_>JI LMi-U 
jjj- jjJL_"jJI * J-4-jJ! J_>-- j!j— -l jl-vI JL-3 1 <> ^ - (jj— _JI Jj-->JI (*_ 
^jL_tj Lo j__j ilmmaturc 4 <>>L j-oi-j 3j_j___-_ __Jij Lo _ Hoon Han jL- 
4_Jl_JI 4__j_>JI ■_o__j J ai l^___il Y-0 f L_JI ^ Jj^jI U^j.^LJLI jl^JI 

£--___Jl *J_$j Ij_-*-j_>-j jlj--l ____ ^-el mi"H 4 j U r djj a " ...I JL_j ^>L_JI jy* 
. (V " Y) 4_^J_>JI LM_>JI 4j-« -_j__J «__!! ,4-^11 

_ _jj ..ijj 4____*L__tj Su-Chun Zhang j_jlj j___« jj____-jJi ft L_>. ,<_» 

L^LJ- ^l 4j^ i^i Jl 4 jm L>JI 4 j r \ y\\ L>L_>JI J^_-J 4. jj^oVl t jj___j_Lo 

Motor neurons "l^j__ 4Jjimr L}L~ 5j-p-Vl Jj_- ^ t 4j V r>r "uc j_>. 
spinal motor 4_l_j_Jl "l.^^ -_^j_j____c LjLi- L_>jj ju L^J j->>j i Luj-_j 
JjLl_jJI J2u 4Jjj__JLl L>L>JI - JjJa ^y* LlUc L_£" ^j _ neuron cells 

(j-Jj^SJl J_>L__JI jya J-Jj ___JI Olj-JLJI (Ji/- 5 CJ- 1 l^>*-"' J^-*^' j-*' jh* 

L>U- ^j; 4j;,^n pj_>ji l>u Jjj_>j u*jjjd\ ^aj . (r " r} l>uji __j_j 

*4j^ i „ C--J4-J 4-J__C - ^ii^tll jL^-*JI ^-5 LMi- ^hJ-I _;-Aj - 4_j_jj>. 4_uj imr 
__J I _^__ j__u j_>_ L*£j .4__jljjJlj ___5t-JI ___! JjjJ-> 0_) jJ &l oi-JI < - r n A j I ^c£j 
<±«j"- i _5jJ- 1 ^-Jl 3 j_L_%. (j-« j j t"n < r? j^ 4_i_- j_>JI ^j^J-sJI LM_- ^Jjlj jl ^L_>J 
r"jJL_-__4 4 i j t a CjL_jIj 4 n 1" "r a CjVL- L__ul JSJj ^j_i_«j _,it <a SjIaJ- J_J 

-tJ___UJ t j)L_L-_u_JI (J-*j li V J *J _j li "l V" (jl OjJj V __^__ t JJ ^lnl ] dJjjL5C_«J 

c___)ljj L^jJalj ^L-JI (j-o 4_l_IjJI 4_1__>J j>xj V? l_1_lU i_jL_* L___U 


^jj^l J^ _^JvJ^ 


£jjj ij-y <u 4 \t'<~i i M~ j 1 V t > il < ii o"> (ji ^jU" i mj ju i ) t ^ t4j| Ju>. j 3 i^ll 

4. j ^j^-J ! 4_jj j i tr% t f 1 L^L>J I 3j 1 3 a i " < " i"t I jl J . La, > | a LjbjjJ-» jiki i"i 

*_o cjL~i>Lcj ojL__>j 4__«L_-]j (^t mi".T1j JLuaj^l ^-lc 3jujl_>JI 4_j_£j rJ\ 
^_Sj <yli Jj->-JI ^^Ij-aIj ^jLjL-o! ^!M_c (jLa i 1 g j n 4_cjjJllj 3jjL>Jll L5L>JI 

4Jjfl ■ u ^_j __£.j__u t L&^ j-C.^ _jl iri t II J-L>Jl ^pDj-* I j__j tOj jU >Jl 

* ljL>* j |/^^ 

JjJ-il n" <aj j ji^ J_ol {0_$jjJ JL>J.1 IjLA ^£ (j-__>*LJ1 ,jlJ_ t jo-ojJl tjl-i Lfj 

4 j i^JI j*l >V" ...L 0 j i^i tll jL^>JI oLL-olj ^PdIj-a^ £>Lc ^-Jl Jj-t-ojJL 

.c_-jj-dJl J in"i i ii 1,1 4_a-_,jL>JI 
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t % <U J-* jljJ — >. __JLi_b t f 1 hi <jjj ^j-a 

4_jjIjJI ^jj-j-jlJI »1 olr d) Vj L_3c_^oj ^jj j * ^ 

Jjl JLj I i i^ifl (jg "i -wl—J 1 j j ^j_j <<\\r\* a 


4 i t "u\ \ a jt j_jj j i ILj j q «3 4 j ^Jj I 

3jL^L>- J>->- ijr^3 *4jjjJI (j*a-JJ * "1 \j j ^ISJI 

5L^Ljj_La 

4_J_>Jl l_-_^----]I (ji- -1 cr^ Oj ^lo j M (j_J 
L^J Jjb I^j^JI—ljjJ (jj j t II j___>-Lj ^jJbj . 4_l___JL_>JI 
L*jr\->* 3L_wL__-i C-jL__j 5(j^j_-JI i_jj j r ^iL-oj ^-j- 
t ii iC i > *1a t _^ j ^ <i 1 1 j ' 1 1 1 j ljj I 1 1 I j_-J__, 

jLajj <jj J «Jl £>L____>I <_____ 0jjL__J1 4_J_>JI o'\ 

1 3j-4 L^jJl J5-J1 

4 jJJsJI — _____ — «____■ ( nj $ l__1j tj 0 I j 

L_ot_) jL__jVI l_i^_j___ (j-aJtJ ^5Lc ^-J- 4_lC- J_j>J I 

L-blj_j L<a_£ urj-J-Jl JtJj----" e--L- L-3j_____-j <jt Vjl -___,( Un 

.(\o JSLjJI)^ -w>i< 


(io^jL^ Lj^U. L$j) 4_»£L-_J1 



. Neural tube 5 ^ oj_uVl jrutJl 4 jSL ,m! ^ Lj-L>J1 ^L__.Vl 

4 jl*>» ^jj-J-La ( n r rV>j jj j 1 <i ,jr— J' ^^Ja L_bjJL£_ j-L-J (j-ojM - 4 i ili 1 1 Lj}L_wj 
Lj^ — ». u Utl I lLLLj 4__j — ju 4_jJjl L^L--- (j^o ^-Ji — - 4 — V "i c 
_>» 4-.< . jJI L^Li- __jb jJJJ Julj , jli <__j_ 4 ijjl LjMJhJIj CjLji i^*TI 

Neural/ glial stem cell5 j^ uJI 4_^j__>Jlj 4 n ,n »Jt 4_ui j_j>JI L>LJ*JI 

yj J_j_-?fc_jVi rtin JL__ j . 4 jSLj jjl ___ 4 j a jjj_^JI 4 nU lU <y_ 


4 j<. m.TI Lj!>L_>JL Jsj—£> L}L__- _JL_L- j\ * : <> ji II -rj jljj__>_; 
_-_} 4_ai_- _J__7 3 j m, r L_ojl_. j_Lj ___JI _ Retinal stem cells 4_^___*JI 

i l_£J <-_Jj __jJL_~ Cj VL_-. __J_ 4 m <r> Vi o L}_j_j 4 j< , J_ 1 1 JLaj _ (jr__ J£ 

Retinala j£L __j__j____J1 ^gjl ^hll -rj ___JI _>_« L_bj_t ,^ a uj^ei 
Muller glial cells 4j?njJI j*-j* L}L>. _>* j! pigmented epithelium 

___J 4 j , mill 4 j r j-^Jl L^L>J1 _____ J_J_ <_JL___ (j__J 4_il JLSjj 

SjjlSJI L*jjJ _>_J jJLJI j^t.UI 4_tSL_jJI JJoj .jhJJLJI 3 _<,,';, 

tc-JJaJI _____ jj-Oj L_>_j_>.j jJJ jjj ( j__jl±]I ^j-U . I ■ -J-u Ls JUJL_*J _j 1r 
4 ■< , _JI L}L_- j! ,2u__x__JJ ^jU-S-II £ ■ m.»II LMi- o-* ^Lj __^ 
K f nlj-Ji 4_uaLs- ___ Ltl^-L (^jlj! (ji-^j Y * • • ^LJI __-ij .( Y * L ) 4_j_4j_j_>J1 
___* Neural progenitors 4__ya j_ij__>. k^jy^c L}U* r,« ,°-r,<\ 4_i_Lj^_l 

(_-_5 4__^ j__>Jl 4 jl^JI (j___L__o__- _>____ _JJLU_ iOL_uJ-_J1 4-_>-l 4 j<j m, 
4 j ; j ,M1 4 _ i V ^ II ^-1 _. ___* _ ljUJ__>_ - L*$JL_>J J-__a. . j j "i i.U 

LMJ- __J1 j_l o n j j kJLI ____ L4-I L-^iT Pigmented ciliary bodies 

_j * > ^Ut" IjJL_wj __U_ _>_- (*__b"_Mj . 4 jn i V II LjL>J1j CjLjj j mtll 

___bj 4_u_ jl^JI p ,., 7JI L*>L- 3 Ijm, _v-j J Y '°) j r, 1 1 ___> 4j< ■ m.U L>L>- 

t jj_l_>.L J in 1 - i4 j m L>J I 4 j r . 1 7J I 4__J_>Ji 
_j__ 4Jjj , u a ___l_j_>. __jIjjJI \ $ y aLjJ __3 __jJI J * 4_Jj VI jl 4_j^jjj__>JI 
__JJ 4j< , mJI LjLi- JjUjj (_--«L_j 4 j U t i 4___>L_w 4 j 0 jlS n J_~1 j_c j-LljJ 

U_- iPhotoreceptors ^j 4_L ,„U L>L>J1 J__c 5 ,^ ___i__u LM_>. 

(j-o j ju ^ 1 1 ___i t j_i__JJ 4 1 1 n"t t „U LjLiJI (j-ic Jj-___>JI jr-J->-LJ I (j-La 

L>UJI __JI UIjj-^u ^iji^H 4_u__jl>JI L^UJI j c _. IjJ .4 .<.m-.1I LMJ- 

«4 ,r> V"U 4 j< 1 M.I1 L*>L_*J 1jL_U-4 IjJ ,rt - Juu t 4__JjVl 4_^j ■ t!l 

Retinala f< JJL 4_J>L_*jV1 o^lj_--f ^M-c ^ L^_JJ ^-1 " ^lj 
4 j r j__>JI L^L_>JI (j_« jl_______1j il 1 ^JLaj ^ Y " Vj degenerative 

j-M__ __i_»__JI 4_Jijj_j.j Meyer J. S _)-dl J_-_4 < nl ijl— -J 4 J < JI^JI 

jaj iHereditary retinal degeneration _-j1j>II 4 j< . ,t,1I J!>__t-I J*>j* 

^y* C_-ij--« _yj1jj (j-3j— « J-bj tjni- ni TO * " _-_J _y3 l_Ls-1j 1 JjJ_ « < j , ^ j 

* Lat_-j_A_- Lj_>o 4_j_j____jJ I 4 j< i mi 1 1 LjL_- _jj-« L^J-4 ((jhdIj-a! 


frlj->- ^j_-i 4jjjIj i_j 1 nr I i o j * 4_j_-_jl-_JJ 4jj_*jJI 3jjjJ1 ^--9 j j o i'r> I g 1 o j 
4_v-_J_lJ Ljj)nrtf Lj^->- O^! ^J'J'^ 4_^jL_>Ji L}L>J1 cJ*$L Ca> .cdJj 
I $ ua j j-jI n"JI 4_LqL_* L>L_>- L^-La ^j o ^sJ I j * 4_j_ajj j-_>. j inf L>L_>.j 

- ^^iajjJLl jL--JI ijyc J->-l-i C-uCjj _jr)->-J • j^LOJI 4J_^L_> j-j-C L>L>- L___jt 
3 j j -_j\ ,„ oU 4____ j-J_ l_J j-_J jul «"II 4_-Jjj_j*. L}L__>JI 4_cljj J'>> njj 

4-jjj . ir> iH 4< < jJI L}L>. £jj ^-Jl ^j^Uj L^ji Ijjl^kj - 4jj1_>JI 4 \ j ill 
(___* ^uLiJJ 1 o^)fl Ljw^Lc Ltjja L-L>. jl*j Ls j-Aj t4-jl u_aJL1 L>L>J1 ^j^jjjlII 

4 U < Jjj 4 < ii _u ^jJojJLl ^JjC JL_-j ^ A ^ 4 j mt" tnU /j j jjJI ^jlolj-iai £>Lc 

.^UajJ! ^-J-j ^ \l£-1x^ L>L*_) ij^Jj 4jjlc1 tnaj Otani A 

^Js 4__4_-_-____J1 l___Jj £>Lc ^j-4 Y * * 0 (j^jLo (__J_ _>-jJj »1 n lr (jSLu Jl_£-j 
*l_-U_j JLaj 4jJjJI {y* i_-jijVl (j-La U--J - jj_jJJL -»jjJL_-1 JL_5 I^jLST - L____ljVl 
4_3r ,.i"iVl <_,-_ (jLSLo (j_-i j 1^1 4 jij i> 4 j r ,'V > 1_j!>L__- 4_C Ijjp --JJjj 
£>Lc (j-x Ij-l-Lcj (j^J>- ^jjjj_J>- t jjjjj__' j-LoJjC 4j ^ L_9 4 mi n i ^_-_-J I j. 4-_J LjJ I 

r-r Jjjj» ^j . (Y "^ ^j___ji j^ji ^ ^Jo- l>Uj 4jSL -_ji __jLL^ji 

4 iUr ^-ar mij 4 j*\ i mJI ^-J. £jj-_>JI J>^J o' _-ry---LJI ^j-c 4_C j_ «_jr_<t JL_Tl 

L}L_>JI lj-cjj cji-st-a «4 j^ i mJI g inii 4___.jj_JJ L}L>J1 ^LojJlj Jj-Ja 
IjjL-T (___J1 _ 4j_«jjjj>JI L>l_*Jlj Ocular stem cell jryJI 5L-_juJ 2l_^_jl>JI 
^-i. L__j-_.jjj - ^-jJugJ! ^jL^J-JI j ■ m ill (j_4j 4_j_Lj___JI (j_4 l^jlr ljlu-__>- jls 

i Un 4 r.io y \ 4-_c.jj_UI LjVL>Jl ht a ^jl ljJL>.j ^lj \ nl 4j1 ir>U 4 j^C i miII 
CJjjL^j Jl£5 l_^ji IjJl>-j U_5i t 4 njl i ■ i T 1 (jj_i 4 j< i Mitl (j-a 4j1 i^U 4__l_-_JLLI ^y- 
4 j< . m.TI 4jI ugH 4 aWi\\ L>L_>J 4__Lil Ua 4 i^i i^i V " a L^LJ-. ^-Jl 

Ijjj L>L>JI L-4_J_ c___cjj ^-Ul 2ujl>JI 4j_lJI l_-_jJj UjIjj laSL_bj .4_Ji-.ljJl 

u nm Vitl (jjl 4-_-.jjJLll 2l_j-_«jjj-->J1j 4 j r Jl^JI L>L_>J1 4_j__>.j_i ^ 
J___a 4 jlr c__jL_C U I n i U (j-^i ^ j L-bjj-^wjJ L-L-Jo jJJ jj t 4jL->.jj ^.J-c I 

iJjjJU (j^jJI^ <?JljjJ ^jJI ^j-L-aJI (jjr "i i it"j (^-IJI 4__1j_jJI L-^jl -^^ ^ 4-cljjJI 

,cjL__uJI J-U 4_>JL--_ £_*Ij-j J^tj 
Corneal 4_tjjj3 4-ocjL_>. L>L_>. icljj ^yS oj_l>.LJI jj>J r* *r ^LJl ^yaj 
(jj. <:." im ...ilj LM->J1 L_^_Lc i__jj_S.t ,4 y * 4_L>1 4__jj-j_ j_4 stem cell 

4 jr t L>L>. (j_a 4 nj 4j LL> 1 n i In <Jjjj__> ^__ >- (4a_oL_v CjI "i j m i h c (_____! j i" >ll 


L^j _n_. __J1 __1 n .U 11 jj__ ^ «Totipotent stem cells _j1jjl_J1 dAA£ 

Jju ii t^l 4_J_4_i 3_L_,l __JI _£_! L4-4 _ 4jjjjJI L^-l>3 c____I _ __Jj 

• cO--' ^-J»>N iy* o^A^ ^-aj l_U_ 

J_>-J J__- *3j_l__ JrjJ-II __-S 4jr W LMi- L$J _--JI «j-^Lo-M _j! 4___t__>Jlj 

Iris pigment 4_ijL_tiI _,;. .^11 ^jl^l-JI L>L_- ji oLLJt j-4 0>-^W 

L}Li- __k. Spheres ^Lj^ __J1 >j__kll ___ J>?___ epithelial (IPE) 

4 j ^ n"i 1 1 L*^L_- __J1 4 j 1 nLLU J_4lj_tJ1 4 U i nljj L_>j o J_j Jj ->"[" 4_u_L___ 4_j_4j_jj_>- 
Ij J_-__4 Julj 4j3 I t II __i_j-__Jl _^jl4__J1 -lj___J1 _j I i " i i"j 1_4 J-<kj 1 4 . ^ m V" 1 1 

. (TU) 4^__J1 4_u_j^J1 L^UJJ 

Hair follicle stem cell 3 j * __JI ^_>l j-_>. 3 ir'i yi 4_J_>JI ___* Laj 

_>-Lcj 1 n - * j^___u__JL1j ____>jJL1 j-4 £_j_4__*J1 _--=■ 1 | _§1jL-_.^l J-u_ljp 

___- Lfcj i4_^jjj_>J1 4_u j j ua t T I L^L_*J1 __J1 j m -"h L 1 ___ L$Jjj_-u j-4 jj_l_-LJ1 

y_jj| miU ^j-jjj j i r> . 1 1 _;jl___J jl-l»j ___" j__JI 4_i_Lj_l_ L^Ljk __J1 Jj >**."> 

)_>J- j I -^J !n*l i t\ t Ll4 3 Jj-I^ 3jJL__ _)_J9 1 j-L-j 

___ Sheraz Daya Ll. jlj j jj-L-.jJI _>S_4_ V* *o ^LaJI _yi ^_i_jj ___j 

j-4 L__ajj_4 _n__tjl £J*L_- j_4 5 V 3--JH 4__ixJL1 ___ Ljj j _ 4__xJJ1 _. n .Vi i ■■ ^ 
j_4 j' 4 i ii <ti _ > ___jjj»1 _ya 4__JL 4 \ C \y L^__>- J-___w (j->- *j u-jJI _^JL_L_4 

^\ ^ t ^ ) j 4 1 _ ) \ i .. djji j_l_> jX I L^ ___j 4— _jjJ_J 1 ^ * Jc j 1 j * I ^— J * 4J c— — jj_) 

jjJ-JI _j_JL_ ^L_>o 4 j __j _)l 0J--O jJL_*j L_w4j ._;j__>.| 3j 4 JJ-JI 

jjJ__ ___3 C-Jlj 1—4 L__5_il _j! i /.V * - Y • ^JI J_u_J __^__3 >4 i>> A Vl 4 
^jIjJI t-^jj-a-lllj j 1 1 ___ 4__x__a 5 j j "1 ■> _J I J j_^__=e_4 _-J1 ^Lojsjj 

. 3, V t 4JjoI 4 0 jl 1 1) 4_u_oj_4 JjjJo __]] 

_>_>1j_<sl _^>Lu_l ___ 4_L_, JL^JI 4_J_>JI ^l J V". 111 -/ ^LJI _)-slj t__-u - I 1j_» _yOJ 

ju_1jJI Ljl-J ^L-JI J___J1 _-_j iVi mJ _j1 ^jU"< . M*i t4 j u-j-i 1 11 4 c_l^ __lll _)jj_J1 

.3J_*j-11 4_t_. Jlj>JI 4_J_>J1 J_ 1- __ij Lojjj J-4J>-Vlj Ijjj j---- t 1 
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j_Aj iCu-<pJ LjJLcj j j (j-oj^o ^jllaj intl 
£j-j-JI Cjuj 4 « ...1 j__J JJJ3--4 Jjtjv ^jjl t ^ m.II 
jl ^"i >■ t ■ t i n ^ll Sjjji * i"i iillj n<i ill (_-__& 
-*j_-C.Jljj 3>_«-.l i c 4 <i miI j--0 J ji *i " i n j T (j____-__JI 
-»j--£j-__- lii^n inj V ^jJl» jl « < ** r j i ^tl » 4jj1j_--i 
_J->oj i3Lj__s-J1 OL-^L___4 /y 3 J<i j-j tjl miVl J t -rj 
-4j-_»_^Jtl jJL-JI ■ _3 I J ' " I CjLj____> 

i4_J_>Jl (j-jjl j_-i J" a-j ' j ^jLLsj-t-J I j 

I <jU tij Uj Lj__>- !__-___ ULLJ ^__JI 2l__A_>JL___ 
L__ < L $ i ^ CjLLj__*J i 4_^jJ___i_4 J^L__>. ^j-o ^ ^.L I 

t^jJI g._*]l JU_Vl- i 1 n~\y l-^J I J---^ 1 _i ^__-b 
jj _____ j_j1 -l £j— 3- j-A 3j 4-Lcj ■ tr*i 1 -r " j 

__>jJlj tljul 4 t L>^-_ J" 7t a (_____ 4jL_t__>l 

4 jl->Jl j M 3 j 1 ^lc *___=>- ______ L_JL___ 

^jj-j cjjJL! __jIj__L_u ^yja (__-_-> j 4— i_Uj miII 


IM II 


. . . LjAf "u_c j_-- 1 1 5lJ__J 


5_x_»_4u I m , ^T I ^ ^ ^-Jl L^-U j____JI j-jjjj ^jL-JI ; ■ --, -_-__.____ 


.1 


<jjjJ1 L__L_Jjl (>i jUIIi UilSj .JuljJI J£ -_£____ _J^1 _*jrJ__-Ji 

"* 'J*- 5 t>* * « c-JjL_-C ULU uJ-i ^ JL_ 

o^l L_.j_jijj ^_i__J Sj j "1 *\ -i_L_3ji (__._> p ^Kl -j_r>ti 


'ktt \-TtH"kiXaJI 


I^jC^ 7- "j jlj t(jr _h _jj3 l j Lq_- _j_1 ^3-^3 i i^^j j T) 4__>.L>J1 _>_-« l ___ cy-^j 

i^cJ-Mj 3L_)1_4l1I J__> J Ll__J ^<jU I jl I (j 1 "t -1 j^-> t « 1 J p<jl t I tC_Cj__>_ L-a 

/yaj 1 ^i-Wlj ^__*_4 ^-LL_j _)ja L$JL>. j-J-*J jiJj S,Uj <nTL 4 jl VII CjJLs- LLa 

)S_ > jj_>- , _M _)_« 4__te_cj^ 3ju_L__ (^yjua^- _-JJ L_>j_j_C. j_>a ^jL__> jjLtJ 

,___- 4jjj lV. 1 I j 4__j_j_3___j _ 1 SjUnlL O-J in"i^l LjL>Jl ,ji jl m"i-wL) ^j_j-_j_L,1 ^ 
Jj-ol j-C Jj_1 J_i____II ____ LLjIj 1 <_L_ . jrU__Jl ^ju^L) J_La jjL__Jlj i— u n'>_1 
l^.-^tj JL_>_I V_i_j-JI ^lnj „,) 4-uljL.JI L;L>Ji _j ( nj^ l(J -JjVl 4_iL>Jlj J$->.>J1 
j_>-3 . jl_>_Vl 1 j-_- __i- jL>j_u ^Ai^JJ L_tL_U <j\ C_>jjl (jrA_-. j_- _1 _»nt jll j-x 
Luljj I fl fl i mij La £-jj OJ_>ul n 1 1 1 4__jL_ 4____JL _>_-»j t*i1 I m — J _jJL>>^ 

i^jjJl __lc __Lbe_LJ j_l__J1j l___VL ^L__J1 ____ 4 uia LM_- JjSjj (_-lc Ij___lj 
L^L>JI -»j^Ja . 4___u^JI j jo j ->JI _,l__j ( 4_Jj_ I 4 j ■ m ;->JI L5L>JI cuL_ L__t ^yaj 

^j_u_>J1 *ljj — JJju 4 j j I g tLojlj ^ i ii n n _,£J _^L>- _-jljj — u-Uj__u Cj_ ajj t". n1'_ 
Jj_>. jj» _l . .1 >. . I j-xC <?jj-ftJJ I jJL- 4 j n u ^jJI ^-1 i .t nW I t^l i , nljLl ^Jl~j__J1 
nUuii _______ I -__-iL^jli 3 j jj-U — ____ (JjjjL-^J! L^Ln- i'i inj T 4jl JLu . Jo>- (_-JI 

_>jo j-ujSL LUL__) J_l jL_i (jlj (jjol L__jl juaLjj L^j L__ul 4j \ in-*JI L^L>J I _)__! 

4j t i.i-k. L5L>- _JL_A jl __jj__ja j__ L*_Cj .4__aj^jJlj j o j ->JL (j_^L>JI -_aL»j_JI 
( L_gjjt_« J->u L^L>- _JLi_b (j^-Cj (jl __4-l_>.^ JuV 1 4 i .i n 'i C_.jJI ^-Aj ^ju J£ Cjj-aj 
L^L>. JL>.j>j ^j iu\ J$ (jy-Jj .^1 i .■ n\^U 4_j_Ll_>. 4J| Jju>. a jj_ j_-> _JJ_ CjJlj^j Vj 
. tjA___jl \r\~t a jl-%. (__Ij p mi ri L5L>J1 ^jU^I ,j_C L_-L_a l_jjj__!_ Jj— ilu ^jj Jf? 

Oncogenes 4_j_>ajj cil m i__^j r.j -_ ^ ... H_J 4 a 0 4_l1>. J£" jl j__l jjl 3 
I j_b j j r _>jo 4_jl jl i(j--L-_Vl $Jb I jukj . L__j>jajj LjL>Jl ^\ u__ ul _>__. 4jjj <<. a 
Laj k Ll>.^j_>. cjjoL_JI Ljj) i I ^ -wjL-W^ LuLgjoi ^L>.jl J_-L j ^ i \ I _>__ ^J ^l 1» 7i\ _ I 

^ Ju_ ____ 3jU j m II -!_>. jj 4 iniii ^j__4___lll ___ 4jI JUj . LjL-jj Ljjl>- Cj_Jl_>u 
_, 0 111") i L^jI jj l_J_ ___ 4_t_)l_B _jLu_v ^jsLjj l^ __Lj 4_J_>JI J_>L j-4 CiLal . n n'i _ I 

j_^ljj Tumor suppressor genes jLJ-sj -JJ ^i ^l ,1. n'iMJ L_t_»L£JI olij >JL 

_JI L->J j-2_ SjuJ-C j*l .niiM CjIjU r ____» C-J_> Jj L^aLsj C_l_l _,_]! 4L1_>JI jl j_a _ I 

- L^La-O- _)-4 J-4-J - f*J-3 J L^jJ_B ( Jl_u_>J1 __ic 3j jl_,- 4__3j 111 -1 4__J_>. L^Ll >1 (j I 

lApopoptosis ^LJ,! jL-*____L Llj ^L___jV1 _>_. ___3_JL Ll 


)) Jj___1 Ijla ^L_L1 -_JL_ifc jl£ Lo 4___1 ,,m1I _»jl$j 1 jla j,i jJ 
4 jl^ll Jj>b _jIjl->.V1 jjju t rtj < Vji L_3j___*j ^jLill L £j>jj____: L___j IjJ 

5j--_j-u (jj-Lcj < 5jjL_3j__-JI j-j-l-j < rtj^J 

jyO Lj__vl L-l5> i4_uajjJ1 CjI M>J I o , <■" «LuaLk Cjl *m*w 4 jl^H ^j-L- J Uj i ,M 
JL-UI J j i .< i L$-Laj . j o m j n m ^ 4 j IV |j jL__J1 <J---j _--Aj * Jj-- 

BCL-2ji YJ ._>_. .__> j Neu j j\j Ras o-^jJ Myc _1_>I * J", * cjLLl^ 

LJjLuu 4 A>J1 j-jal L4J l_1j_u V _--Llj .Jj->.Vl 4_j__>jjJI l2jLj-j_>JI j>_* L*jj_C j 

_jL-L_>J1 _»_JL__ J-4-C J^j___J 3jL_L__-0 l_L_1_». ^-JL-JJ 4jl Ti 111 4_UI JLS*.jl jl t L>1 Juo 

RB 1 Lg-Loj tjjLLoj miII 4-_ttejL_£i _j1 m v lt _4_____jj t i . 1 1 _LlU cJsjJI 4_j— «jjJI 
^.Ja _oj_vj_JJ jLJ__j_____J 4jt-jL_CJI Sjujl-JI cjLl ->JI jy» L-Aj__u_.j E-cadherin j 
jM-LV1 ^-k- l__>JI j^L_JI j „.-w <_«_ _jUDj___Jpl£ jruw 6' -htt .*_lL>J1 

jJbj p 3jj_______J| J-JjjJI 1 JUJL>iJJ ^ V ^_3j J__jj Jja Jj-U I _,--£• 5—* 

j>c J_-l_-J jLLj m.H 4___t-iL_-JI l_jL_j___*J1j <^ r ) TP53 oV_ r) _j 0 * jrj_>. 

4_J_>J1 ^l , ii "nl ___jj JuJl_*__JLj * L_g_« _________ 1 3jj j *LjI 4_J_>J1 4_____lj-ja jjjlo 

L_____ La_L_ L -_i___jftj 1 *>o Vj 4^a>l m n'iVl 3jJJ J_-Jj_a j>_-i 4 m t a 4-L>.j-__ Juuc 

JU__. 4__4j_L_Ll L____9j j j i mj J_> jjl jyo jl_>L__j j>l JLslj VI L-^jjjj 4-L__»lj_a 

" " - s 

l_jLj_>J1 Juj y r j i4_J_>Jl ^-ii j-l mi _uV1 ^-Loj C-Jiil j)j . 4-l_i JL_-u-->JI l_jL_ll_> 
4_LL>. J-xj J-a— -J1 IJL-iJ OTulj jrt_>. j)LJ9 4 Lg-al _-_-_L-l l___L_u1 j>_2. 4__t-jl__JI 

j-^Ja . ^fL>II 4_lJ_>JI ^LLj \ ,„ b? ^jJI -;jJUj ^j^JI jJJJj L____j_>s t 4__-ilj___>j 

<4_JLjI1 4JjJlII l_J-- ^ 4j_jL__JI jJjJLI 4jjjJ ^ l-3j_L-*_-i jj J_uLl___^ J<; tj 
4j1 inr l_JLL_) jjl jJLl M^jJI ij-j_4->JI J->Q l-jJI l-JJj j^C 4-a.^n~ a CjL-__u i M 1"i g j 
(____ jn_!jL_A 1j^-__ ^Jj t 4jjjJL1 l-J- 4_j_jjIj^_>1 VLq___I L_-jJ__wi jJk jrA-4j__>J.1 j^a 
Ij-CJ Vj jl 4___1jj JSLj I j___ 1 lVi 1 11 1 L_jajL__j 4_Li jJLL L* 4 nU< a ^-Jl ^jljl j 1 n 
_ I jj__-jj ^cJ jjl _ ^fl~MjJo ^^Ja jjVI ^-Jbj * 1_4-La j)Jj^4_>3 L^j (jnj'n'11 J__2u ^j 
4JjjJ1 l-Lc J_i 4_LjjJ1 JSi __!__ 4__a_j_>.j l___1j-_1 _j1j 4__j_>. J-^L--_j5 _jI J_>l ___J] 
L^__1jjl jn> njj 1 _ 1 -r <i JJ Sjl j 1 „ J_> _jnj J j J H J— jLl_J1 ^J-Sjj ) L^i_" 
(j_jjj jl 1 11 4_i JL___J Ijl VI jJjJLL 4j -r 0 , nj Vj 4l__)JL_L-__ 4 ,n ^j rljj 
_JJj <nj 1 0 mj J— -J ) 4 jlr ( j___i-_JI <_jjjj_ja ^-ojJj J£>1 mi -> 4_jal_>a? ji d<: 1 jj 
m^j— ->VI -»Jljjj ^4 < ja a 4_l_lLdj m^Jjj OlLl> j 1 , „ __-a ^ i 0 j H _> Jlu _____ La jjSL 


j^ m;x^ 


frjr_w?H7- jItII 


l_JI J___jj 4j jjLs-j (4_l__IjJ,1j (juj ~i n" 11 (Jj-i-l l_j! ij . -V jj_j( 


.Jl ,„«yi l-jjIUU l_J_JjI ^ 3jlj ,,.11 jl_L_. J\ o jjj Lat .4Jjjdl ^ya (Jj^^ 1 

■ Njtj q\ (j__ <UJ-4jj * jj-_JI ^lr 4_do j^ i 311 ^ nlj 4jIJ_ (^l <_-.VI CjI m>) 
J__jL__JI I Jufe j_3j 1 .ij £fr j . L-j 3 irt jCt,jj Lg_al U j l_jj_s_jj 4_o jJLl lj| m'^ 
.U 3 t (j_<s lL-aL-I (j---1 (4___jJL*j 4_uo1j_v^/ Ij 4_uLfcjVI l_jI jl o tll J£ _____ j_> 

l_j ;ji->J! Jt 3j lj»SL&j . 4ii o U a 4_i_>aT 4___Jj Ju_4 ^ 3 "t I juj t_£j__>-^/1 (j hj " n "Jl 
iJ_w*JI ^j U"i ■ ,i"i *_J _)U_»j inll 4_5_jI£JI L £j_>/_'l l_j! m-»JI j nU" _>_>. ^9 0V ,u 
t L_$J Ul L$J Ll : Jj-3j 4jL-_J *£jlj Mj ,n nWI 4l__>lj_>a ^ 4 jl^ll ijL-uj 
.4__Jj_J1 J_T 4jo^iiII £____jVl ^J fl> -r j *> i ^J-^JJ jj-«Vl 4__ju ( M i nojj 

j-ujLw *LaJ_JI i >i L*_> (J---J >_3 i ^lj i^l I I juk ____< 5j_p_VI 4 <iKT1 4J (jj_x_j 

Lol L_bJL___J . J-4JU _-5-J 4_J_>J1 ____ ^jjs-J oLj_>J <?j>alji j.l uaj jJI i^j_ij_>Jl 

<_--3j i^j^y i ..jj ^.1 i iinWI _y_. L____j_j 4_J_>JI _j1 
L-ijJLL ___j_-j tL_>L_. __-_ I 3 j i ii c> 4__?e^j_j_xs 4 jIa f 4 U i nlj-j i JuVl (__JI iMj 

J}U- 5jU,;-- 4_J_>J1 4_Jj L*J_ (j jjl j_l>/VI Jj>JI j_.j Apoptosis ji ^j^II 
4« .mU (j-U .llo-I jJL-_lj d^lji jls (jjil. l-JJju I gUlj .^IjlJI ^l j ,^ti I jub 

4_b^Laj ^j_Llj>JI (j^-l (_-_«-_>. 4 i Mii ) 0Vc_j l_j (jA_jv j nUj Lo JlIc ^ ^U"t 4_2u_2L>Jl 

SJ_>J1 L4-3 .4Jbt_* V MjLs (jjSLj _-_^__; (jL_>j__JI jl L_Uj (j-lt-A- i(j^jL_>J1 

. 4_UL_C jL_3j___J1 4_____ 4j_j-__-i J__-ljj LoJulj J->JI L-J.j lini 
L}L>J1 4_l____ 4i3j^a j^c LJ JL»V 4_^j_>Jl 4_lL>J1 jLLj^u 4_i___ l_3ja_ (__SJ 

_r^_ij L4-JJ 4_tjL_I1 Lll ^ i 1 n""t (j-Il.-, >^ j (n iTI l_l_9 (j-9 (j-Aj 4 j t j 1 U T I 4 jr jL_>JI 
jj^UT 4 j 3 j n >J1 4 j .i j<TI L___-jI l_9 j_jlj (jiJj ( 4_^L__j__-Jl 4_^ j_>Jl L>L>JI 

. 4_jL_l_>.I jl 4jL3jj ( jl_->j___JI 
jLUI ^jjjJw 4 j a 1 11I (jjj-_>Jl 1 jL_b j L5L>J1 (j_4 ^>jj-- L V i n -v (__£} 4_Jiw JfxJ 
(jjl Ij-UjJ . 4_j__lL>J1 3j1j hiTI 4 ij 3~- (___3 4 t iru jJI « j LJJ 1 n (j__uL_J1 5jl j 1 nTI 

(jj- L_ljj-3_j (jj-o JL- l_jjjl>. 4_J LgJi-- 1 jL_ i jJ_> 1 4_jljj I (j-Lc ^j 3" 5jl j < n II j I 
^_c.j (_____. (jjjLUI (jja JI__c ljJj*j _>! Ijl_*. jjLJi (j_«j i4_»jj_/l (j>a jl_>Ij jLUI 

(jh-_xj V 5jl j <n Tl 4__j_4__3__- (____ ^1j___JI ^c_-> ^jSU . 1jL->- l_jj_L_>J1 (jiLxwo 4ji 


u t>>\ i-jj 4"! t>- j___-__ll Lfclj Sjj"^ CjIjLiILc^ -JJjj il « a (jjjLLsL JoL__J_>^ 1 
^ jUr CjjJL>. 4JL- ____ 5j1j,,iTI JuL_ 4_^}L _£__!! (j_Ull Jjln."ll 4 i.,,'t ^j-c 

__j_ I c\ ijl — <j__>JI (cJLc ^-Ja 6.laj JJ_- |j___j .4_______i_ c_J_jJ1 ___* ^^.jjLLdI 

__a>L_J-l JiLa LaUu i< Vj j~«VL_> _-->J1 _>^---JI i Ji-ljj L-j->jJj j .11 

CjLj j I^jJ 0 "'J ij^ L__t1jJ__Vl ___^1j-_J>1 _L__i__>JL__ -_-->JI _>-- jLo->JI 

(j-jju^il I # « m I ___J1 5l_Sjj-L_JI J o " s-j V Lj_-jj (j^^— * L^_U c_> j_<u LjL_>JI 

C< ^J V (j__J__JI _-->JI J "i >J1 j uj -> _- n *4 . *L_>.j-j-JI 4-jjl j __ ____ j___t__JLI 

JjLiJ 1 jLfJ t jj iiill 4_u_dI j_o ^ <___JL_JI jLL_V1 j jj-"1 (JJ^J-JI ^-->L>. (__!_! _i_j__j_J 
|0_u _£jJ1 jl JL_u .CjjJU (__!__ i 'I mij! jl (j__uj--. 4jI 4Jol <nn \ * a 1 j___ JL____>J1 

4jjJ_- _jjL_t_4 j_-j jj^ J Lj*L>Jl _ys i___Jl_J1 jjj t"l 4 <ijl , .ill 4j_>J1 4_5____j'_ ! l ___i 

5j >ta 4_jjI j 4__jjJ_> ___9 |<mu t 4 mi -b. 1 a 4_uL_C_-j 4__lj___) 4_i__oj Jp-Ijmm 4_L__j-Jj_^j 
__flj-*j (j-^J^ . 3jl j . nTI ___3 4 j nlAJI 4_oj__L>J L__ _^-5cj CjL>-1 . .i 4i ___JJ ^Lj_>_j V 
___£> ^jiikJl ___l_j___JI ( m^j-JJI __!__ __9j t _u u \ LJ JuV Ijuk -Ij^JL---. 4 j n > ^ 

. 4_L- t rtl"j L__a JuJ__>U __I__J _Oj__>.j ___1_1 -t j r - ill J__flL__tu t rtj _-j t~r j , n *T1 

L^___*»_ j__i 4j 1 4j ^LL-uJI ____j j i n *t t __ fi i U II < . ij")j-jjl I Jub __)_a __ m " . n 

i4 jl>Jl j_l i .i gjl SjjjJ I n Jo j j t **i a j Oj-* J^ ■**> J Jo t"t jJJ 4______La 4_i______> 

.^ TU ^ (j..-\tTlj ^-Jj^l L^jj j . u __Jl jj_o 4 ^,^; "iil 4 ji vit ^jSLoj c_-4_>. 

^^^■L-JI __JI WJI _y> L^j-uj-J L_uJo L^UJlj 

4uj.o-r 4_L>j^o ___J| O 1 .r^j ____JI i4 m inV"U 4__5t_-__ LJ I L>L_>Jl ^--dij 
(jj-Cj La LJLcj t *>juj__> LjL_>. <:! Ur I __J_ uJjLIj Vj Ijul L-b t t > ^ , ,, a n _/ 
L^J_xl .4 i uJu ^jJJI j_4 L^Lkj J 1 jj i ii "nj I JLuu > Tn <i I" jl (__ilgjj 4__jj___v L^ouL^j 
l_jjJj 4-1x1 (_£jJ1 iC-jLUI ^L2J1 Jn ,„l j_4 UJ9J5 Cj^L>> 4_>jL___ *JljJL>. L^L>. 
J_-__JI j-t-jl) -f j i niTI -r Tn i M _2)j_5 _j y a miTL-C CLl-1 j_) _-_*!>. j_ojJ1 CjL>.j_i iil . n" 

______ Jl"f ^ j j >. Li_-ijj jAj*>L_4 L^__U i *i n'i _-_-J1 jl_1_>J1 L-j^L_- J — *J 3 

t i j a jj cJJj L_^_j__3 ^o-u __lJ1 4 -r r..'tVl _y» JuJL__JI L_JLi_- jl -V j i .^^^ jJJj 

4__j_cjVl j ^jJIj l_-_L__J1j - Endometrium _ 4 jl^ljJI ^jJI 4jLL_uj fr L-t__-iV___ 

j-Ti jK Tlj H "i i njj_-Jl 3j-__J Cj^I __-_aJlj ^__ Ilj j^__J I j___-J 1 4_ju_>L>. 4jj_-ajJ1 

. L_>j_i_ij 4j_U1j 


i 



(5 jjUi») ^o^LL* L£Ai 


,,,',11 ^ 4o£,JL>JI 4 L$j j-£i ^jJI 4 . n iUtl Jj^I jl! ( H) 

(nmiiil jihmlT 2uc1l>J1 <U_L>JI Jl (JjJ JSLjJI .4 >i >^»Lj d < rt^" a <U_L>» ^iml 
4-j ajp L>^L> ^JI ^ iii aU LfcjjJU ^j-lil t4-j a^jj--*- 4 j t^» u ^<lj Igm 4J ^Un"! 
4 j 1->i-S Lbjj gtST w^LJI tt jLSLajJI» ^ " (ii 1 ^ylL^ tj-jl g. 1 1 4JL0LS j 1 r ^j— > I 
Ljuj 4 imn " < 4->u^L 4 j 1-v J5mUI ^ LgS j Ju-Uc tajjl 0 4 ^ J-»Lj 

»4_fc_% ^y-t- ^y^JI J I 11*1 Tl 


_ Ib jjiJ Ig A^c^aJ I &-lL_I I 


~Ld/_n ji^j-jj-^Jl UMiJi • 

_ I 4-LL£ ^Iimi tl L5L_>. j___ ^-_J1 4 im Jl L^L->Jl 

. 4 ir j_> LjMJ^ u_3j_j___u L!>L>JIj _ jJ_>J1 tt U , 

* (j__j__it_J I jf jjL*_t1 4_i___l_j^ £j___JI 4_Lo L_T j-j-c. 4_ya j_>J ! L^LJ 1j 

£J>.jJ i r. VI (__--> 1 J-l-j < . r I (fi Jj-Jj t^l l n n')Vl 4-S-Jj___ (_—£-! _— O £_>0J 

r<l r ri ~- M J*V _J I L_-J 3 JLq_J I j 2____JI ____ 3jLJjL_JI 1 iTj ^-Jj 

(j_j____ jj U"m r<UJ (1 1 in < r^> 3fcJ J "( ^lj ____*_ L___l j_____J| (jr^-J— J_>" __Jl 

J___J _-"-->- t l ^__jl__t__J I J -5 1^1 * II L -_L_C.I 4_>-jJ ^-Jl LjjJljJJLi _iL_J_>JI 

~lLL_ 4_J_*JI ^j <L$_JI Jj r^jJl J-^-jJ1 4_-t-.L_5_Jl 4__J_*JI jj___ _J1 

^__l-__J V ^-Ul jJ->Jl jl !V_J_4 C_J-_JI 4 jlV *S r ^ V"( 1 1 4_JL__^ £j____J1 

.L_JJj JULJ Ijul 

^ J_e jl 4 iUh,j L>L_>. VI Lo 4_JjVl ^j_jj-__>J1 LM__>JI (jl ^i 
4_tL>Jl __J1 Jj___>jJJ JjjJ-JI jlj JUl _,_ Transient jj $1_J1 4_j_i__j L^_> 

4^0 Jjj j^m V.ll 4_LL_T -j__i__J1 4_a_ 4_iL>Jl Jj___>jJl u—^j l5 J^f-**^ 

____■ . U " *g (j-__J t3j_jJL_. 4jj r n" _ j! U 3. 0 j ~l_Jj_1 4-jya jj j-_>J I 4_J_>JI Jjj-^» 
___* 4jjjJ__j "lAjJj 0 " < n "r I Ll__j! Jj£Jj t L_^_La j__>j_LI JU__JJ 4__j_L>J1 Jl__ 
^j-O £_J_S___I _i___l1j L-Li nL-JLl __3jJI (___- Jj_>-jJI (__]! j_gj"__J jL____>Jl _)__Laj 
jt L_1JL_J1 _1j— -I 4 JQ r nl Lo J___S l__J l JL____>J I (_-_ — jL>l -_uQ Jt 111 jjj 

L_1jL__ ^ 4_j___L>JI 4 1 j -_>J1 JjI__j (_;jJ1 ^--sJl tjj—JI v ..<> ___ _-^_>jJ1 

,3_x^L>JI *L_wj_tJI 

a^uia^j-^jt^jiyi • 

4 j rj ->J1 4_lL>JI _L_ _ L_Jj_>-J (j-X3 JljV J__l__-___ jt ~J r..*) J__J 

L^Jj VI 4_lL> ^ LJ_ . Ljj_ jl__>J1 jjl__ L_^_ l_T j ( 3j_-L_J1 

4 j r Jlj>J 1 4_J_>J1 L^jJl__o (j Lj__jL-J 1 (jL--i__>J 1j . C-_>.j_>. J ( ~ . n" 1 ) I \$'t a 
^L__j L^j j_______1 jl — j 1 .1 '1 1 1 j1_i_xV (j n j n ">Jl (jj_>JLl (_-__b Jj 1 4_JJL_J I 

jl La 4_)LloV jl ~-j_>J 4_Jr j" i LgJ_4 V n <ij Lo_C 4— __jjjlj jl L^L>- (j_4 4_J I 

.L_JJj _fli_>- jl #:1j_J j! _)J_«j_^__* JL__L_>J 1 ~_-_L_-J (_11 L__JJJ_. ^(_— -— Jj->-jJ 

~l__dL>- 4 j r Jl> Lj^L>- _>_-j *_h>J 4_j_i3 j3j_>J 1 L^L>JI ^jL— Lulj La—ij 


_ ^J-tj L*_* - 4_^ j_>Jl Lj^L>JI -^j *y (j\ (0_C.j ijr^-j • ^A^-^-J-^ g J. '" ' ^ W 
> lr> r !■ jJt __*! <i ir> __j!jjJI 1 ^ y a Lj-> _-__ i dJ- sj L}L_- L^jIJs -j_j__a___ja j_j__L 

ol j jjj--» L^jLa ^Lj^ LJI ^^a L^jl ^i^ 4 oju>.j I g j a ^^jJI 4 _ j jH jl 
llJL-J jl-_$LJ1 (___i l_$j I jjj i Lj *s i J I LjL>. __JJ juL^J_i L^Jj__>_i ol n < ^> 

. w 1 <n r V I 4j tl) £-<a lj-5L-fej * JUlSs L^Li- _-JJ j.J I o L^Jjl^o Cjl j ir^ Cjlj 
j V 5 j j o"a 4 j") I j"t i ii I 4 j K i n I j_c 4_j__JL_>JI L^LsnJI .t Wij 

<jh* ^Lat ^ (jj_j__11j *Lm_M j-^JI^ J^olitj }L_~ , JLJI (_-___ 

0 ..." 4 j j j -w CjLjju J< mi __j9 <iL«_joV| j1jl_>. _-_9 4 I II V 4 L-^jI Ju 

4 1 1 gjjjj ___* 1 Mr 4iii>< Lajlj>J >L1jo jJj>JI ^-laj ( crypts <^^L>J 
(____ 4 * jl V a L__ jl_>J j.1 ln t II (_-J-j _y-*j t Lgj £__i_j*_M 4_2___Lo _-j3j j_j___JI 
L^jl£j i4_Lil lHJL^ 4uuj>.l3_m (j-SJJI «jii M.r » ji Niches cjI j£ ji 5K 

^H^J i^l II (j-« Lj--_ Jjj <SC 1 1 JJJJJL£ £y y V **i 4 L^jJLu 1 (j <i U 1 __Uj ^ i i 

jJLJI jl_-_>JI L5L>- jIjulj j-c "/.\ 4 j mi n juw jj L^jl JLojj J^__-.LJIj 

L__bj _JJ jlj ___Jl-1 « " ,___* j 5 4__J_- Lj L j_jJjjJ 5j «^i r L_ljj__oj j-Lu (jt-^ t 
L>L_>. J>J>.J (j JU3 Sj ^ ) L-Jl>.1jj jjl jl t , v _u_aJJ ^LjJI ___L_i_ oll 
^^Ja i4JLj-L)j 4JL_-JL__> (j - L->jj^w_5 ^jl J_c_->JI ^LbtJ V 3j j 
JlLc VJ J n t" Vj < i 1 1^" V jLj_jJI <i ^ J_lJ_ ^jwo LLu 1 o ^ 3jj__>.j— -j 

.Lfcji 4__.ui a^uji 

__JJ (_£jJ->Jl ^j-cjJl j_l__ L^e-Jj jJ Jj_t_j 4_j-4jjj_>Jl L*>L>JI C_j__* I jlj 
l^ inrti ^j-a 4-ojI U a 4_?e_-_J (__j__ftJ 4_lC j -y \ I 4_Jj>J I ^jLib ( 4in mVi - L^L>. 
^j i n ttl jl 4 i M n*i j _-a--JJ 4_l-«j_j__w 4_j__L (__J__aj 4 ■ u ii*i ____5jJl _-3j LaL^j 
_ j irt aJI, g-u-Jjl L_j J___L>J 1 gjlr j__r. L^jlii^ . 4j_9 Jl>-jj ^ jJI 
. 4_jl_ — _b l__^L__u Lr ic J___L>o |j I (jjj (j^a 4 j - 5^j-^> L"M—-- _»JLcj Loj 

1 1 ^ i M n i {j-a jLjiT^L ^3^-j>- jl uLiLoj ^j_3^ (_-_9 4_ju->L>.^ L_£jl Jj 

^j-lIo (jt J_u3 LoL-u L4J ^jr\_-gjl U a i/ujr JL>- ^j^-ljJi- ^-Jl Vj1 (____ Jj--r"i"4 
1^-- aLjj (jj. La jJLaj _ j^^L ^ySJ J-U jj * 4_l>i jj j-_»J I LjAJkJI *\ Uc \ (_-__ 
^y* 4 j m jIjlcI ^j-o 4_>L_->j Lu 4jLu__VI r-^Lx__l 4 jl 0 r _ 4 t ( ,1 (j_4 
0j J (l)- 4 4j_1LJI 4_^_L>JI 4_J_>JI ^J^lm L^j jj n 13 V (__>__ I ji- tfjufcj . L^L>JI 

,L>L>JI ^jo^. 


JJ^ m£_\~l~ 


^ySj ^j in tTI J? -r j i u jll L}L>J1 L$j j-*J J_>.1j_4 *±J^Lj LuIj L-o-_j njjj 

Edith Kordon ^j-jj-S o_j_iI ^IU". ,,,1 *i ^,1 *J\ ___> __il jj _jj 

J-OJU ( rtj^ lj *m jjTj t3jL>.lj 4jj^>lJ ^__J L_jL_ J-a_S Lo J£> I^_>.j ilij q\ ajJLC 1 . 11 aj 

S 1 ^jlr c-LmJI c-SjJU t gj^j i4_^JL>JI 4_lL>J1 

jjal^o 4-jjI-4_ L^La lj_ljjj * jLj9 m£Jj 4~n r*j . ua L}L>. i " i se j T I (3i>— 1 _!_-! 

4_jjJL_J1 3____J1 L*>L>. tjr&J * 1 * J n» >U ," jJMj-c «4 i ii <i v jl IjJ->.j . 4 nl", a 

jlj t^i i m _ >VI _>__ LLuLBjj _--JI j-u-JJl 4_LoL__ 

4-jjJj _L__ ^Ur I 1___>Jj L*_5j-^j .4_yjjjj-_>J1 ^JuJI 5L_J L>L>. __-*« t L*>L>JI 

. (Tn) 4__JU1 4_j__jl>JI ^jJJI *L£ L^ ^j-^jjjSjJlj j^LII 4_uK 

< a .j^j-jJI _>jL_u jUoj-__J I j . .< j 1 m£j-L>J1 t >j^j_JI _il jj_l>» L_J 1 J^>-J 
Peter -k^jjj j-laJ JL>»JJ ) JjJ-S J-Lo gl Lse ,*njl MjTjJl fljl i i.TI gjniill 4 . nrt'i 

_,-__ ^gj j V> jJLI ^j LLd j^u L>L_- ji Ijl__j jJLLjjj3 4 t aL- ^y, Dirks 
j« >a jj-lSTjJI . (tw) ^jl ,„TI ^jL_1 g-j <<ii1T m;jL>JI 4 , „r>\ >. 'j^j^-JI 

< 1 1 j" j-jJI 4j _;J— Jl ^L__»j-__- _jf JL>.j i-i j«w .^jl i j mm j a 4_j-jaL_>. r/L>J I 

4_LaL_T m;ju L>L->. 4j m^I ^jl.i.TI -f j M.i Tl ^ L>L-_t_J 4 ... ^ ^ a . UTI 

^jLLj-l-j ^j-^j . ( 4_^JU>- m^JLJ L5L>-j * 4_j^q jj j-_>. m^JL. L*>L>>J '"TJ i^iTI 

L^L_>. ojL5> -»L^L_>. jj \ Ij ij n ^-^J 4-L<3 5 j j j ^ 4-Li__ ^j___>.L_JI ^j-ojj l£Jl_J1 
L^_Lo l_3j^>. V ^LjJLj i I jul i ii n u *_? ^inr jj >fj £j______JI 4-LaL_> mJJLj 

U_V J^_» ^ Lj^l U_^ cdJjj ^jJI oj I l__c I jl J>L__)/I ^ 

^j-l JLiV1 (_-Jj e__L_ jj JL__ l_^_J3c_4 Ljj j Jt rtTL 4 m m V "i cj 4__3t____»L L^L_v 

j-o L^-t-ajLj L-ajj_-juj LjLLoj i n !l L*>L>- ^LJ_i ljj_>>l C^>- Lo! . . .,n*)V1 

^jl jw^j li" f n**) *_fj 4 1 j \ L^-__J t 4_jj LLo j___u 4 -r . u >l ^uu \ I Ij JL_>J i ( j____u 
L_4___j1j 1L0L4J L^J 4-gj| U a 4-jj LL j t k> L^L_>. i " 1 y ~ ') I 1 ^i*\T t j mi j i" j J " <u 
^-__ ^y-JI l-JJj 4 j i"."j 4_j_j Lj Sj_ja gf » >t i T I 4-LoL_i J J T r ^_>-_>. jj ^ln Cj_L__ I 

4-LoL5> j j r 4 j ajjj-_>JI jLL-j mJ I L>L_>. j_j___JL ^-.aj «^-.../L-l-i^I ^-jjJI 
jj-^JI l>lsji ___-bj 4jLjSLo p !nt -> ^j-^a ^jjJI i rttVi tjn-^-J 'J n Irn 


jj_- m;x^ 


_l_>J1 L>L_>J! 3~t! H l * j a>j>jJl L}L->J1j -- ill SLLoL^ 


_$! 0 n j ii ->H ^1__>JI _jJ_>j-4 (jr^J ^j^JI JJL-Jl ^U_J__JI 4^L_oj___JI 
__j___ i fl ? a jj i_jL£_-> _j£ ___S LL__>j___ ^-J-t-LJ t ~ , 1 J J C--4J <_---Jlj i_)L__>j---_. 
_>£Lal _-__> £jjJj ^jJI (jr^ j ili *"( i" i_£j__>.i 4__j_ LL j—__ <Uxj_> L}L_>» jJjj 

_L_- ^LtuJI ___i_j ?tIL£ SjjU^ Metastasis _£jJ-l <-l .^r lj 


. (T ^ l^j ^Ui *L_-___M -dl_ ^ 

4 rtl" >_U 4jjL>JI JjsJjJI _»_JL__j . ^jjJl (. , La __J9 jjJU _-_JI __>lj__-Vl djuk 
jl j____jJ1 _-_! _j_>jJLl 4 < ii n i ^ ji i U 1 1 _£jJ_>JI i ij^j^JI 4J j*jjJI (jl LJ j i n <i~t 

. jl i uTI j i ii <TI 

4 j !■_■ ^j-u ^jSo ^flJ 4_JLL>j i..H 4 i f Jl^>J< 4__J__-J1 _jl ^"T. ,n'i I juj 
j___Jl jJj (- t*r t i^>lj 3jL>JI <j__ Cj._L>.j C_Ju--> I fl---vl I Jl^v 4 n jl i m 4 jr Jl_>- 
Cj!j n __JI 4 ojl i Jl 4 j r j_>J 1 4_J_>J! _P_j__j Jl__. 1 ju_ Cj_X_-sjj , jljJalj 
4_j_L>JI ^jjSo V jl__j . \ 4 ~.i Uj ,,m 4lj n *s L^jI V _JL_J1 4 jj ^ 
JL__ | flj!f j j i^C II JL^_>J1 _jl JLoj t_>j rtUa J_«1j__J < - , , >>j-*J JL£) 4_j___JL_>JI 

ji _L_jL__> ">L L^-Ja J-*-j Oncogenes 4_i_ajjJI cjL_j_*J1 Jj^>J L m .. <jj£Lj 

JL3 (4 gjl.iJI 4_j_c j^>JI 4 jl^Jl l_xj>-L__>) 1 3 i vl__ _)L£ 1 jl 4__oL>. <£o1j 
^j_L_>JI ( j_ijl-_-j _;L__j-__J1 — _" OT u Cj _t_»- _j_-i 4jjU* 4_J__J Cjjj 
____- 5j V nll Ll__L> l_11_Uj 4 o jIm.H 4^_c JL^JI 4_jL>J1 J\ LjcS . ^ 1 
4_^L>JI j_b __J_ ^L_J_ Lj_VJ_ jJj <L*_L 3jj_wj_o L4-I _$l 1 1 ^iniii JUJL>o 
4_i_ j_>JI 4_Ju>J1 ^JJwj __Uj t( jL__j-__JI 4____c_a ___! (-J-J L^jI LjJl> jJ 
|-JL__JI j_a L-JJLC _j ______ ^-Cj ______ _ 4__" Jj_J I j-4-C jljLo _^lr 4 n jl i.ill 

4_J_>. -r j <^>"ij L_a>L j __ja _j I j n U 1 1 ^lj_J L__L_t L__j __J__j j__ _ j-*-JI _-_s 

)_$j4J1j ^ljJI 4_l.L__j___ 4_icjL>- 

?UUij_i -»4ft_j-Jt 4_0_-T f__y 

4 jU 1 nj 4_L>-j-_« ___-b 5j *\ 1 1. 1 4-yajj^_>J1 4_J_>J I jjj (J-iil _j_-3 Li_ j_C- LjJb 
L_^jlj *4_iJLJI 4 j c jL->JI 4_J_>JI _jr^jj ^j___JI 4_UL£ j , ,. II LlVL_~ _jrlj 
l_4_u3 ^l jJ Lo _ JLjlj 4 ^ jl , ,1 J Jl_jj ___J I _ 4 j r 1l>J 1 4_J_»Jl ^j-* CjjJ JL.3 

____ cj 1 j_-__]__J __j 1 V " 1 1 (_-J-w t Lj t j L____j j . _>» jJ 1 j— « _— J-— Cj 1j__Jo (j_ii 


JuJ ^y* \ <T\ <j--JI 3j rtUTI jL_L=_j i_Oj_>.J i ^-jJI ^j^J I 4. 

Jj-3-* l <3 i nni JljJl_>u ^liL 4_lL>J1 SjJL-La _jl Lj j" r 1 Ijl _JJ jj * L$_i 


L_U 


4 jJ_*JI (j* <_£' iJjj__JI _;jjJ__JI ^j-ojjt j o (_-—_ C _j — 5t — _jl _*j — __Jo 

jl "i V*i L_$jl jj 1 {jjlr _J— >■ 1 ^ l_— _ _j_4 JJUh) <jl jl "« A—yijjj—^JI 

_xj_jl_>u 4_i_-_L>- ______*! L$jV - 4 j r ,'i 4_ti__ \ $ jlr _jltV> Ijljj • c.L__J I 

__JLgj _ 4__jj_> 4_j_a^jj^jv. 4_J_>- jj_3t_o <__}_£ _j! JL_u 4_u LL_>j__u _ 1 $ t ii <i t 

.( ru ) ^^tH j! g-j.niH 4_-jL_JI 4__L__LI <__!] ^j-- 

ui_i> ^ji j*_»_ 1 e_*jf u_ji 

t_,n jUtl L}L>J! l_-_u jJ j^ ^L-JI __£) __jIj ^l -___lli 4-Lal_* 4_tL>JI Ul 
__]] L#Jj_>o 4_i__>j__S (jl Jljj (^j-^JI 4_j_j l_L_ j___u — _j___j _j I J <i " >JU j j r s 

ijl __Ji _Ltj _,j__>.L_J1 lj-__j . J}___VI _,__ jh mm."i <J 4_*_,L__ 4_LjL__j^ L>L>. 

^_*Ij_jJ _£)__} C___ij j_>. jj *_* 4_j| _, ttj 1 <i a ij j m *^ j o r L^L_>J I 0 j__ j o r 
*(_-_; l_JL__ (jl L_____5fcjj . _)L]_j__Jl j^4_> __JJ 4jI_4_T1 <_-__ ^jjj ^--Jl L_lj___JI 
u nhtTI 4 j JL-JI Jl<u Lj>L>JI _> JL_ _jV _1_ jj *(j__j_«jVl (j_=tj L_J j m. > * 
(jLL-j Mi tl jj-a l__>u L-^jl 4JJ JLx->Jlj * 1 i"i m ft> ^ i i ^Ti ^-jJI 4 jl"w, (j^_J_)jJ 4_l_ll 

4lt "i * (jlj__l__ LjI i„ -wi ___iLJj 4___> j ,,.U L>U>JI j_4 4i";< Ljj___l ^lj 

. 4j J_t_4J 4jJL_4 


^ittJt UaJL ^Uij-Jt e^c o-« sijJ-ll 

CjL^^JL) L_i__>.jj__>. 4jVj ^y- l_-J_JI 4 jK 0 n mi "i ■ ■■ ^-J. »1 nl r (j--u 

T 3_o L__s (jL _i!jj Leukemia ^jJI L jL__j-__j 4jL__j» 3 i j m ^M_. (j_>a 3jl___LI 

____»j_-_j ^cu >S I n > o ( " i ln n --■ j l g -oj ^j.4 4 j._ Jl_>JI LbL>L>. (j_o!M V" ■ nL 
L>L>. (j-fl 4j Laj ^L___*JI <___-_» Jl_J L__fLo ^jl o j< ^M-J _JLTj JLju 5,1 j miTI 

f\ Ur ^-Sj t Lu _jjL_I l-jJI i<^j_>JI L_kL!>L>. L^jJJ _jjlj-_I ^j t 4_i___*j____ 

— _4-jjJ (j-a 4_j_cj_>Jl 4_ti_>JI _-__ La J-j___j Lj__m__jJJ I (j-a J L>- ^jl ■ _ JjJ— >. 
4_jl J_u. L>L>JI ^ l-1 j I U 1, 1 ^a-Jl »1 tnr V ^J__oj 4_l_t__>u 4-jJ_L_* 4-jjj_« (jj-a 
LjLaj 4_4_lL-- ojL£" 3 V j r ntl _>'v ^t 4 j r j ^ 1 1 L>L>JI (jl <__!] j j m.'i (jl L-L^tj 

. (j-loj-t-JI ^j-a 4_JL>-j 


\ir vaJI _jlall 


Raj Chopral^jj-S j-lj j^jiSjJI j-SLcj" a__|JL__uj__Jl 5j t lll 4_LL«.l1 ^j 

j.-) >j "j i ii i"i iLa 4jjJu*j _)U_j__Jl __>L__jV _}J__-jjjjL 1 ^ t oj u "\ se-jJ I 4__Ljj-__^ 
jLJo j_-_ij ^ jJl j_J_jj_-_ __-___j_>a ____ 4__l£. j-_>Jl L^L>J I 4-__-1jjJ 4 j i n"i jjjJ__j 
£>LtJl Jlj-a ^jl«<s Jljtej ^J _>JjJ1 -J-Jj-* 5l_oL>- . « Lo^_u_JJ I h (_-_-__,! jl $ y\\ 

^>L__ Lg--iiJ <^_j_>JI 4_JJ*J! Jjj-UI f.\ V" *nl <jll_p^ .^jlJl__!I ^Ll^-jSJI 

4_Jj>JI jl Ijuj-^ JL-J .__L_uj>J_j £>_-__ J--L *L_3_ 4 i „ _u l_J_jJ! ^_3j Jjju 

i^Ll_j__JI L>L>. J__ __1__. 3jjl_J1 LgjjJj ju__>JI L^L>. 5ju_« __jt> 4u__i j_>Jl 

(jjjJI j-a-l *4_JL- _jLcj_*j (Jjl oj^ £>L__ \ $\ iitj j j__b J___J 1 4 jUr jl JL_u 
4__jjJ_j 1 jjj--* j£J . L£l j 4__>JL__11 4 j r j ^J I L}L_>JI Jl__ __t1 ^JjJ Jl_£) 
£>L_JI ^Ju! ____ 4__j__c j__>J1 ^L}L>. J"i n 4 ^Lal Ij ol,,,'i . .,j ^ej _/i itl 
_n_- JL>oL LjIjj 4 j r j_>Jl 2__J_>J1 Jjjlj__ 1j-~_J__. ,_^L___._1j _;jUu_J1 

iL-jL__-i j-a 4__*JL_II 4 j r j_>J1 4_J_>J1 t j__s_j____ /_£ jJI n Atase jL-U _, « . nj 
4 j I^JL £>LjJI jl 1j.V >J ^4-»? __jjJ_JI _,_-)j .,^jLa__j_JI £jL_Jl 4 j n ... 

i-Oj^Uj U_-jl_>.Lj _>UJI _h_ jJ__l _L_J_ jL_ (jjU j<TI £jL-JI 4 jr i -»JI 
1jjl___o jjS-j jl_ ___JI 4_i_.jL>JI (j-o-jJLi L}L>. J-5 jl_ ^U-j-JI ^>L_11 jlj 
4__jl__J1 jLJ_ lj_L__j ._;jl>JI £>L_J1 jjja _-__l_l Ijl j_*j L_-_j__ _jL__j__-JJ 
jJL__> ___ L*jIj jM * tj - _JJ j-_ i ooja _J j)t LJ jL>. _j1 - 4 t j iUTIj 

. t ULtJl j t j^_i_-.LJI (j_LoL_Jlj ^jj t^i-sll 

3jl_-_-111 4lUU j_^ 3jl , >JI ^JjJI JJ_l___i Lj 0 U;iuVl ^___j 
___*_JI _>Uj fJ__JI jj___>. c_-*j_- t 5Lj__jj_«_l 5jl__1LI cjL.jJI ^jJI ^LL-jj-JI 
t( j__j__uj__-uL-_U 4jV jj jjLdjL- 4jL_oLfcj *__J __JI 4_J_> ^yJa juj_*_JLj <4__^L_J1 

_r- LjIjJ 4jjL_t_a 4_-JL 4-_uj nnr 4 jr j->. LjL>. _>--- j-a jjl^LJI ^j-U^ (j-L>- 
^Ll JLtjj 5 4__oL__ j j r SjUj I i^jl jL_J! IjJ____wj tJ-lL j_loj--__j — _) \ in a j__ 
Lo _jjj__JI j____J )/A* 4 i . u jj J -r tj ts>\ JL3 __j___jj-_-_JI ^-jjJI ^*->- o' ^J^^J 
t jll _--_ (*JJJ*1 ^-Jl j->-L^J 4-uj untll 4_i_. _JL>J1 4-J_>J1 Jx5tJ lj--L_ ^jL) _jJl>- 
4-oL-u L^j-Jj ii-oLu 3jU __JI jl_J1 ___ Lbj in^- _--Jl 4_4sL_Jl j_j_. SjUI Jj-kJJ 

__L_ ^Li JM_>. ^ fr L____II __JI _tjI L-uo t 4__j ,^JI jLL j___JI L^UJ _____ 

4 ri Uj a ____ 0Jj_>.jJ _Ujj (jL_>j__JI ^Ijj! jJ<-u>-I j-a Ju lj ^jJI i^_LI jL_->j____ 
)J_j^____i VI i ..n'i V I 3j5v_ Ijul j-J->o ^ L>L>. CjI Jj 4___Lu->.j 4___>L>- 


.___• Lfe_t j| ***** i**-*!! 4J__t £ll__r^_i 

t jL__>j___JI (j^»j-* ^^Lc (____ 4 j r ju>J 1 4 _J_>J1 .1 . i.l jLl___)I (j x '^>J f-J 
<jjjLa jjpf>jJI jL_J __!__ 4_±jJ__J1 JL.^__>_-1 jjj 4J_3e-a ^Lj-o t_jl_t Oj'j-9 La 

j-a ,4_i5L> > »Vl ^ILuIj jj . njj cl> 4___«__>- ^ Martin Tallman jUL_ 

j_-i ,4 if i -^ll L}L_>J1 1 _1-Uj ^>-*-_ tnlL <___J1 p\ L-jJI (_-___ 4___ljj jt 
4_LJ__ 3jljL__ ^j-jj ^JLaj ^J >L g i jU lll (JjLg j<_ 11 ^M-tJI j_* 4__JL__ oL__j__%. 
j_L_> j___Jl £j_>.jJ 4____jj_. jJi£i (j__> ^jj^UI (_$j_JI j LL-j < m i uLL-_ll djl ij i iill 

J^-aj 4_JL__ 4 j o .n j-_.L_t_o J_*-_*j _- <iUt Tl _-_o_J1 Jj-j (jl Lc__} ,4__>.jL__ Julj 
^Lcj ) , , _ j U 1 1 J (j-ajj-il j__»-j-) L_4-£ *1 ri miIL) (j-ijJj (j_=uj_ll ^-J-C »j i.JLi 

__j1jl___J1 jl___ 4_____ 3j-4 4___j__wj J___ (jLL_j___J1 ^Lj-c. t____j JjJo ^i-jJI 
4____ijjJ1 oju- ___- j-AJJLc j_i__j ^MJIj _ 4_j_c_Jl_>JI L^L_>JLj j_>Jj_c ^-jMJI 
jrLiLc JL-_ ^j^jjo __>ljj_i»-1 1 t . .."ij * j_«_JjJ JL_S j-£->3 1 , ■ .." jl VJ _ 3 ■ j . .. 0 ' ■ 
(jLL-j ..ill (jl ^JJ lLU_i i . . j . ,i jU-J Ij-C JLdj 1 1 j n j^jUI j( ^jjl jLL_j-___, _^-aj--> 
^ J>-*-t _>-^Lai _-JJ j^A_-_«lj l£Jl-J1 <_-J- L -1---Vl 4___oj_« J_L__>I Jl__ jL__ 

( » ir^J 3jJ____V J---il j3_--> (_-JJ J_J____V JJ--3 j-* 0 ^J-_-- 4_)l -C____)JJ l_4_4 * _)L____>J I 

jl_*_a j__lC 4_^__->Jl 4_iL>JLj ^MaJI o^_ ^-3 (jtJLJLjj t 4jlr 5jUj ...Tl _JLic 

.4JUJ1 0 JLA (_--_ 

1 JL__j 4__uL_3j-_i__JI 4 j r ,'v ->J1 L^L_>J1 J^o ,j^ilV"i '> jl ^jU"i ..i j jl ^j-Lc-a Jj* 
3j_l_-___J ^j-u-y-Jl 4_Ltt_fT L*>L>. __JI 1 a^J^__-_j 1 1 3 r a 4 rt". . Lll 4_j_iS jjj_>J I L^>L>J1 
(^ja 4-ijLL-j 1 .ill 4_j^_L_>J1 4_J_>JI 1 ^"1 1 uj (____J Sc-_-J ^j-__i (____ L_J J-4J j j-x--J I 
4 j n j 3 gJI (j_TLoVl i—-j-_-i V jVl l ^ T __>. jj*_l__ t 4_Lg 1 11 r. . u-J 4 jl 0 r Ldsjlj j nr 
4_>.jj _j_>- ____>. j . 4__J__>Jll ______>J1 cl 1 'r\c 4j> > m il 4 j ilr I (_-__ 4j-__l_>JI 4jlVl1 

4_A>J1 _jL____3 (jj L_JL__5 ^jjJI 4-LaI^ ^ ^U_iVlj LijU-a-JI ^M-_J1 

IjJ__j _ C 1 U"i .,,1 Loj-4-C 4 j r _L>JI 4-J_>Jl jV -JJ j tgj 1 uj 4_j-)LL_j miTI 4_^ j_>JI 

JjjUtll (j; jj 1 1 ^jjLjJI j-lc ___cL_-j__u1 _ _Ll__>J1 ^-J1 4_____jJL jjj _____J I 1 _ " ■ 1 A 1 


SjJI^jItM 

j[£ jJ (j,-!^ i^jl <S\ Cy* * " Lr^ ^ a^>JI^ *LLj_>.^M 4 j n ^-9 ^jLojj jjl 
gjini II ^ fl ..ulT^l 4-JU. LMJkJI ^al.^-nnl Jl . 4 ... rlt £>LJI 

La m.U J*J ^jj <(Ojjjlj^JI) j^JkJI 4^j_A ^jjj-^JI LjjL>JI jl ^LLdj-lJI 
CU-u Jlj La j 1 ualla ^L^Jl JLj-9 ^yk. 4_J>LLd j-^JI 4 .r J >J1 ^*Vl 4_lL>JI C^aL 

.(w jsljji^ \ ^jji ^i) ^ vvi j!ujj r> ^ji 



! > 






lJJJ 


^J^ ^ •H-^ * J$b 

JjW<j J^Ja*l 


LiM^ ^^j.^jjJI LjM±- l_J_3 ^ 4_oL_oj__JI 4 j r,> -hTI 4j 1^,11 £-u»j>j ( W) J5L__J1 
3__3 aj > ir> « cL__J ijjj-hi 3j-j» ,»jjJI j ghj b>L>Jl jj_t Jj-oj jrjj». - U^-u aj JJL»o V 
5 j c\>JI 4 j 1 >J I JJ-JJ j*j>. ^ *j_jJI ^ La-S t 4_tjLLDj-uJI 4-uT ,L>JI 4 jlM) 

. T ?>>JI ^r- L*£ ^iil^jj J <n^j jUbj-_JI jLa (iU_L_> j__Jl 


jjuuJlg 6^£l^JI 'L±ljk}\ 


j£j-4j Tannishtha Reya Lj L_____l___i_ 3jj___jJI ^yJu U5> JSLUI lj__- 

L}L>JI 4 jnn^^l <4__j£^j^Vl 4-JI o m. 11 L-JjjL-_ 4jVj_j u jUH Duke l_JjJ 
LjIjJ < rti<rVtj LoLoj L^jI Lj •>> (j-i/jjG < u lioj j ..II > ,14 4_jjLLj_xjJI 4-j_eJL>JI 

^M-c 4_J_-_ *L_j 4_>.jj ^j iL-^j 5Uj 4 o \\ uJl L}L_>JI -_*j_j_-i j_c j-jjuj 
Cjj-^jj tCjj oY^ njj__>.VI 4_uLL_>j-__JI L5L>JI ^yo Lfejj_c u jj 1 6 ,'j j ( j"-^- h " 
___j_>JI u jj LpL^i u L_oj_-_JI ^Jlc Lj j>i4 j__ 03-*- 4_^jLLj_-_JI 4-^j-_>JI Lj^L>JI 

S XX ^ (JjL-JI J*v miII ^j-i» (Y tj->Jl jJ__jl) 4-uLj dj-ci 4-C j>-j 


>j_*Jt ^Jt ULb ^Jt W **l»ll g*u ^kb jJI 5-U 

l_jj-*JI 3jGL___Vl -A__wV ^U_l>-VI ^ ^Js JjL_j <St ±i 4__jj-L_JI ajJb ^Jjj-*- 
j_j__Jl jl ,,. -Jl _jl__"j 5 jl , u n\\ i *lj< n" : i±-jte Jl ^-l-jI u L__j iljuJjjb ___L_t_-jL_>. _--_> 
-L5o 4-_yj-___j u jSCj u 1 JuV 4Jj>JL-_<- u |j j_-____JL_> jl -r j i ii Ill_- I J <i ■ a Li^^-a CjL 
l-JJ jj (j-S-JJ _-iJ jL____JI 1 fl tnl ^.jJI L^-x-j 42jjJ__JI ^JLc t-. ,lt."i- ^Ll t4j <ilr 
V t 4J Sell S Jj-l-j jj-j-TjJI lj-_- Jjfc mJj-J )j__>-VI u t j 1 1 4 ( r> 1 1 4^^ <i" i 

j_4_L__JI ^Ja ^jj____JI J_l3 ^^-La-JI £__<___>. VI ^J_c -i-j-j -Jjjjj-Jj ^L-tji 

Jj___u jJ_-J 1 ri 4 )^jL_-__l Jjjjj jJ_*lj_>. ^^ 3 ^ -U"-*-* f'\ i 4jjL_>o *I^->J 
4-J-jjj_> ^jj-. 4 rth V a \ $ \<\ \ i£\ p"< ^cJL-C 4jjjJ 4__uL_-vo 4jjIJ_j ^j___bjll ^-Jl 
. 4-i-__jj_*JI L-gJojU^ ^-S L^-t_a (J----J C-jL_> u jj i U Uoj--_JI ^M-C ^-ii Ljj Sjjj£jJI 
J4_6 ij_i__> L_>JL ^-i-aLJLI Lg_j__ i^5L_Jl (____ _*j n A 4__jj___» 4J Jj-«-« jj---»_Jlj 

L-^L-__j L-IL-t u l ljJL->-j j <nf j_-_uLJ1 u j__oJI ( n L_a "i '< fl (_____■ ^^.--^-LjJI u I ^J-tj 
_>j£Ls ^__>.j_3 L-v>a 1 4 j f j 1 ^ I 4 y < ,i i -*1 j^uj u L__>j -_JI jr-J c-jj^ i "j^^ jll (", ^ i 
j-a 4_c j-<i-_3___- j___r>j (j^-.j , ^^Jj^Jl L^LjtJ 4 g j j ili L^Liw j-c u L_->j_-_-J1 cj-___J 
4__5_____jVl u I j-Aj (L-JJjJ 1j j < n <i" 4_4_u__j u j--aJ1 jj-^ (j-jL-JI ( n m tll ^-Js ^^--^.LJl 
■ U mi 13 L-JJ j J-jlj ,0 i4___>L-_ 4 jin> LjLoj I ^iUL ^-jB (_gj s-J C-Jlj L_x 4__JL_J1 
4 , , J 1 » <", j o , ,i u LLj i u!1 ^->j it 4 x_i_bjj 4-tjtri i*S _> j___ Lt__> j i LL__5j__- - i i ^ " I 

LLw jj I j___ ,<4aj_4_l. ^-.J Embryonal rest «Sjiji^U 4_>.1j-i__wV1 ji 4jiji>JI 

LL2-J1 u j__>.LJ1 1j__l 4jr ju>JI 4_J_>J1 4_9j-s_4 Jlajj ^j_J1j .^A-ts-LJI ^j-a I j j ^ 

j-iiljJI ^ L4L1 tJ M.r j____L_J1 uj--J1 ^ U j-1>LJI L#JI jLil ^__J1 4j'(ji>JI 
4_J_>J1 u i ji J_-j-uj . u LLoj ,..11 L_j^L>- u Utl jJLJI j 1 _-JJ 4-j_c.j_>. L^L>. 


jryJLJI rya j? 4 j ,im«k.I L}L>JI °_yi jl U^JI 4 * t nU II 4_i_c ju>Jl 

L)}Uv j__ 4 _,; m->JI 4 jr ,'v >JI L}L_>J1 .dj . n~ !M-1aj3 j-^-JL 4__!>L__ L^J 

JJ->*J (_!__ JJ Ju Lq j_bj t LgJl j n~i i nlj o1jL-_V1 JL__j1 (JjJ-> ___. (jLt_>j__ _J1 
i Ji nUVl < i j < _i* jJl i)LL-j inTL 5La_c LJ Jj_lju i_ ij iX j . 1 0 fl m La JoLujl 

_____ Jiu Teratocarcinomas jUa j-__ <ji U£ * Wilm's J-Jjj u^>»--" 
3 jSLJLI 4 . 4^L__ > __JI 4_uc ju>J1 L}UJ1 U_J__«_ ^JI 4J_*L_J1 Sjjl_JI 

ij\ ^JJ j_)l ^JLC t4 j ii.LU 4 \ \ \ <__]_ L_jJL_Jjj Ijl 3j J__Ji L_-jjJ (jH-l - 1 Jlj>- 
Lol JL_J uUi >JI Jj^ >'l . ..*? Lj_ .j-oj .4JJLJI 4 ViU L>L>J1 J-a £jj 

4__JLL_j___J! 4_lX.Jl_>JI _>L*>Li- J£ J-i->o (jL) tj_L_j___Jl ^j-a n 1 V "i > ^jl ^jU~i i ■■ I 
___S 4 i i rt se-j 1 1 L}L>J1 (~j T u_£)jj_»_aj t4 m >"U g j __JJI L5L>- (__J1 jjl o Ti 
j-4 ^j^l V " t <j-4j t^jn 9e fl LgJj-aj j i i n ^ j o f CjI j L^jI -J-Jj-jms * Lo -r j i <m 

£>L_-J1 U1 0 ,nl ^.^^L- ^J tf JjJl LM_i*J j J ^lj JjVl jl ,M,1 

Retinoid l_1^j__jjJI 0 ri*** <j' j^jij Differentiation therapy j^Lg *JL 
y___*___>j! jl_» «Lj» ______ ^jLa 11____j . ( VT > ) jj ^iill jjU-JI I jla l__jl~_j acid 

4_jJ_>JI _-__- »1 in n)\ (jjjJ_> ^j-C _^LJ_»j__Jl ^j_o LoLu _^__-_*-_JJ ^__t_JLI 4___jj__JI 
,j__J Lo <jL_> Llj . _JJj ^-JJ 4_j_a_i5jl LJ J-l_3J Jj--" tjl-3 t 4_uL-3j--JI 4_j_i j_>Jl 
Loj t ^L-_j___Jl-r ^o^l ^-JS (jgj.nl tnj (j^jJI jl mrt 11 < f 1j< n" ^j-_ ^L___>.V1 ^JLl 

tjLa iL^jlj 4 jr ,*i 'sll 4_Jj>JI (jjjJo ^j-T- jLLdj^JI ^^Lc ^-J- ^jj-cj Jj-1-j dj-^j 

JS» Jj--- L_i__T (-j. JjaL-uaj l_jijJiJ1 J-aL_L>a (___. jLuj ^ _L£i (__£. 4juL_ CjL-IjjJI 

^tjLUj mTL L^-_-!>L-_j 4_lC. Ju>JI 4-J_>Jl (j--iitJ La 



JJ^ u^*^ 
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1 jjj i4^j Vjmi1I (jiaj^a I 1 m inj <jl (JJ J (L)-" 4 1 j 

LaLc ) Y- g.1 LjIjj LjjLj^I ouL^ || 
^stj ^ Ja^jj-Ul ^ LLjIc-I 

Sa^_cLUI j>LJI (j^u j jX> Jlt jt OryLJUI | 

- Ij£1xj0 I Ti -vj V j mi <ti ii) ^jrtt jll j_>.jl In ^ IjJ ^ 

^jJJ - Lijl 1 11 -wf I ^ jlr o n »1 m (^j-II "■ jl u»^ S 


^J&j-j* I 3 "ILjj *2>j jU-*H ^jj :>Jlj i-Jjij— >JI 

oVjVi pL ■ .niij.i^sij a jtj.un a^j v , ,1,11 

SeJliJI V; ,..1I clijL^j cJi^ 

jjisl j — a I ^j^o ^jL-j — lm\ — uul <jl — c jj Jl — :vj_j 

LJ ^ (^UI : JjVl ^j^hUI 

*< t-ijtri V*i 4_j£ (jjtuJ ^yjlj uif J^ mi ) jl 4jjl iris 
. l^jlj Ljl J-*lj .tntnVfl 4J ^jJI ^liJlj 


i,)$d -Lj-»-j ~,tl 


7,jr\?"~"Kj' -II 


<j— -J1 ___ LLqjl-Sj ** t LuL -a j <j <— — - (J-j— s (j-* L_j_j_.1 I o ^ _ l_J __ >JJj 

J__j t ii "*n . I _>—. Ij^ i * L*}_u>J1 __i_5j__ _jl L____u? l_La 4j_l__ ___ CjJL_eJ 

_,_< j_=- _ I j d"i uj 1 <\ Lu * _______ 3j_4 ^ji i ii o ^ < n r 1 i " T 1 __I1 L^__ __u J— — j 

uLus ^ i *j CjLl— j __I1 4—2. j<tTa j I ___u ljU_j . Cj I jJL I CjL_x ^L____j_1 

_u jlUJI L>L_w Ji_« L}L_- J-j*j (jjJI j-~-M j__j iL__ji cjIjJLI 


J_ 4____1 j (_-__UI _-i- C_)l_ _--JI i^jJuUI 4__wj__J1 4^_j__*JI L$__j__L- qjs 
i3>_*-_i ■ _al _;! «Cjj_3____» 4_J_*-JI 01 4JoL_u_u _, i t j 1 j—fcj i— j— _3jJI 

J_ t4-_j _ 4_l1_>J___ i_JJ j j i i>i n~ _-__) I JLj-JU c___ j_ *_/ __j____ij . ^L__a__i 
jflf _r— - * L^jI JJ <___ JJ—9 jL±_>- — jaLjj J-~ -* jJ*M n**- cl_u __l jua 4j cL__j *_—_» 
jl <j>V1j ^JL^Jl CjI jU r T _j_ 3 -_jjJI <_- 4_-j_-_j__J1 4__La IjLu t *_ TO 
?J_uj i^^L—oyij cLljJIj J <M 11 — j! j I o r _____ jj-_L_Jl (__ 1 Jl_u i£jj___>J1j 
l_u_jJ1 ~lj___ljj i_____u__I1 L-gJ J i a _>_. J-_>.1j_JI (__ 4-U>.jJj j i n <iTl __jU_jJ1 
j j C J JL_u 4 -r in*tVl t ij^Ij-j J__j i Jj-_ (jj- _h° J- 1 4_Lj_JI 

jja I __au 4_*}L___ * " l___JL— t_>___j j_a L^_— ju 4-4-%— — La j_j_Cj 4___LLLo 
Lo JL__J _j! Ju-J 4-J — i ■"- J— -1 je_L__J 4_JJ_4jJl 4u__J_'1 I j__J (L^JJ_J _4_ujj_o 
4_j__j_I ___ _)j-_jJl ^lj-uj t 4__jl_L__ll j 4ujjJLl __l-_ 1 ^-u-au jlj-a L^J 
—jLojlj Lul Ut-w j ^jJl <>> ___ ^L_ujl __Ji 4j_4_iI ___ Jjj La--» 4jj_>ojJI 
^ rTT ^ j jSLjj m.j J_JI ... J L-J>J1 ^L_____l o > ___ l____)J . 4__L_J_ 

_jL__4 Jl_u C— i-L—i j C_j__-_j <"("*< ^ > L5L_>J| Cju _1 __ 1 o £ ii U>j i ii i ^j-L-jJLlj 

JijL- _)UL_JI _U j jl_ l i 1 <j j _ ^c_u . _4_l_- l-_j__JI _)! ju>L_ cjLal _i rt*i_l 
\Ai ^L-Jl E. Blackburn jj i «j-ulj-JJj Greider .C jjulj_>. 

j? (^^-jJ—JI »1 U -11 (_4_-l_u L-j_i__j_ Jn >1 CjLu__j___II CjLL^j (jl L_____i____1 

j-4 _;f _ «Lj« (j_4 ^L_u j__j .(^ A J_L_JI jJ-jl) Telomeres jj__j-j lj "II 

_, 0 r ii J _T_*- jj_ajlj"ll ^Lu _U_ Jjj iilUj .^114 jj _ 4 J*J>Jj" J'H J— -lj— U1 

_r_uj_lj 4"i i nTl CjLi_j__JI (jja «*!-)) __jLl__JI _Jj_ j— >J tTEP 1 « ) <_ <j*t)) 
___L_J1 ^jj-)V I u o mi j f-jjuj ^LLu ___L_J1 j_^-VI j_Aj i4_J_- Jf> 3lju (__ 

^jul jj_»j iTelomerase jjj j ajLp j? _ t __j___JI ___ 4_j__jJ_J1 3 jUr>U 

cLu ___ 4-jcv__>u JjjjJ- (j-- ^L____iV1 (— L_ 4_J_>JI 5jJl__4 cL_u __i_ ___L-5ej 
_-_j_U 4-i— >J1 _uL__i_ ij 4< II ^ J__j j_ia LjjacjjJU ->Jjjwj JJaj _J_JI ij-_4jJ_uJI 


OJl%j V IjL&j . Cjj-4J ^oj i ii a >Vi ^j-C LaLc-J 4_lL>JI < n (*n cjH^- t4j>-jV j i*iill 
^a—jjj j) Jj^-J (^JJ lj lr.'i j — «^U-JI L$J J_£j V ^-Jl 4 j ■.■'i^.U L>L_>JI ^ 

4jLJ1 

^ ^ j i_Jl ^p^j — 


^ijinTt 4uLp >*jix!Jl 


J^.«Jj"** niTt 



^ TelomereS jj-_* j L T I jl^j-J-Jl cl LaJJl jj_^j jL_SL« g-__>^j(\A) J^.T.ll 


4ji Howard Cooke <-djfT jjIja < rt,n'ifllW ^L-JI ^ ^i uryabu Ujuu 

4_j1>JI Jjus-j LaJUuj )4_J_>JI L^-l-5 ^ t u a u 3j_-> J£ ^-S (J-^-Uj j_*jlj" II Jjio 
Ijl 4jI LlL>- I JL> JL3 ^jjl . CjjJLIj <j*-j V j jJl ^u ^j-Aj ■ n5*iVl <jJ_ < rt^lj-JI (___It 
jlj iC-jLoj 4_iL>J | j-<a_C j-___3 j_£l aj^C j in^ JL*_S ijwajljltl JjJ-> j__-_Sj ^j-Aj 

jj_>.j_xj 4_L^j t <_jjJL>. jiiw jlj 4 j 1^11 j^-c JLL (^l ^ <>r JLLd jlJL- t JLI_» 

jjj_4_4 ^-Jj-JI ^cjjJI j-^Lj £_^Lj_J!j J4_j_w JSJ ^-jIjjJI £_qLj_JI (_-_! 1 n j i ii a 

l_-j_>. < nrl i^MI j-j^jj t4_i__L__u jt LjJI i/oiLi ^L-kJI iPolymerase 

4jI_u <j-4 Ijljj <j1 ^j-Lo^aJa . 4_iL>JI ^\ lm a\\ 4jU r L$j_3 ^uj 5j_4 J£ <___■ Ijl>Jj 
jl_j i^l i ii -jMJ 4jjL__ j-j-c. ">jj-£j-U ~: £ 1 <_j <_j» <__j_>-l jl dojw i4jjj_>JI 
jl J_TL_j V (j^-J t^ljL>Jl JoLj j_vl <____ 3-j^jII jujL>Jl 4tU"i > (jj-JuJI L$JU-i 
_ I J_u m*ViVI 4 jl <i**q IjJ iLjjJI 4j 2h Jla_-_1 JoLjJI 4_J_j 4jLqj>J ^jJL> j L^jI 
. i n 3 ^jj-all (_£jL_jJI <_jL__JI 4j|jj ^j-o _ L^jJI uj-iiil ^-jJI l_6jj_>J1 ^juk JUu 


<? ju_ ^jja ^jrt 7t u <jl - Lj imI 1 g^s — 4_jL>JI \ q j ^ , ,. <i n Sjwa J_» ___} _j J-_scjj 
CjLq1 i n.*i VI £_* LjJ j_L j i n n j _/i i*X>.\j (-iij-*- (j-aj 1 j" 1 1 ) 4jJuJL>JI 4 tUSll 
j_*j_a_lll _>ja _, n" V" ___J1 _J_jj_>J1 JJLC *l «Itll JJL_- JL£j . 3jj___Jtl j SjuJuJl 
.4 jl^Jl £jj (3^J Q ^ n ' J jf J-jjj JJ3 t Ljjj-Sj j--_i J_i ___ L_3ju> (jOjAjj _L__|jj 

bVT ^ *j __»_ J l V <jnj j .11 jljJai juLc £-j! j_1_> j-»j! j*ill JjJ_> _,! J^ ju_j 

*_* d T * j' 'Ut u-> ^Li-J 4_j_L>J1 p i u ii nj . _, t i i /i H j_4 (__5jJo J__] __j__- 

.l 0J lr .Ut.^tl 3j!^j4 T iVi LaL^jl jj__*V» ^ Jl1>J1 Ljli- >L-_Ja M dJ lr 

j-ajLUI __JI OjJ__i Ijjj )*>Jjjj_M L}L>. ^jjo LsL^oj! j__1 jruljJ-JI L>L>. 1 j£j 

L^Litj 4jjL_U L^ol mi 5 »! 3j--J jJJ jj 1 5j j i n ^ L-,i>*< in^ (jrulj_JiJ! L*>L>. ___> 
(jl «ij inil <jj£_ 1 jutj «I <j JLc J<i tllj j-jJI ,U t rr> J__j ___JI 3jjjVl 

ujL__u_) i jjjjjo jL-J I 4_j__ij j-jojIj" II 3j j i L_>L}<L>. ^ j __jj L-At-alj ^jIj-J-J! 

. 4_5_jjJ1 _JJ j ryi jJHj jf 4_Lxjljjii < r 1 1 <Vm jf 4 lnl-*JLi jl___Vl 

4 Lij QLU> 4___Bj__U _>? __J 3_J _j IJI ^ill L_JI 4__>j__0 ___3 4jL__ 1 1 1 1 j 

J_U__ j q "l . ..J ___JI ^yJt U^-L>JI 4 ^ i,i*)t 4__ I JU- U» *J_J-_II _)__ j_AjL__J1 

(j n f\ CjI j I JLj JUjJ jT i4 t 4_iL>J! Cjj_-4 jA ^jJoIj 1 1 II j 4 L_^j <— il ij -nH 
Jj* it_--*J («J ijr; t i i r>l J£» jru ^-jJI L^L>JI jl jJ ^LiLa Jj V jj q\ udJj ^LudI 
< rl-y^ ^-J-l J ir»**i i n (j£J (V JU_TLjJLj S^jLual 4 i n 0-^ JrnVi r n C-J-> 

jJLgjS i4jLuJ 4 nj^j 4jl nr aJJt J jt illllj c__fij_J1 4 jU c j » Ijiubj )J.«u»JI 
^j. 4 jj t a L^L_>, CjLoI rn -ul ^ju» jryuA JJ-uJ 1 t n <— _j3j_JI 03j ^_JJ CjIjL!.] 

. jryua ^j< n) 

j__jjLj 4J (J-ujJ dj <^ 4 ji j— x j 1 j *i 1 1 Jjio o^ ur^l (J^ « L_u-sj 
4JL- jA 4J-.jVj ,nll f±4* JJJ 4j jJl (jSJ t^Lj JSL-U 4_iL>JI 4j>.j-*_4___ 

SjLcI _-j-_ 4_lL>JI 3jjl_ 4 jUr jjJj L^jl i-,.t ___]! 4 j ij^jJJI j^jL_J1 

i_Jj_»-i "LSjjJau _>SJj i_)jj_>-T ijjijJI 1ju_ |C_-J . juL_v_JI ^-icj l^in _j JUJL>_ 
L__u1 I ^t a q__J ij_4jJL_JI _yJJ > U n (jj-J tfj i n*°i ji j o ttl JjJo ljj-_- Ju__ 
Ijj t j rt' Mi 11 c__4$j_Jl ji 4jjjUll o(j_ui>jlj"ill uJJj 3juL_ LftJ_ -ijj--i UjLL>. 
_ya jlj L_3 S( ij 1*11 IL J_st__jj 4 -r f it\Sl\ < *il"l (j-4 ^j i <i~> CjI jj -w uJLu_ C-jLS 

___u ^-!>____y L>U__1 jj^ll ^L___i_V1 ^ t MI^",,.j u__j__w j_«jL_JI (^J- JjU 
ji l-j^ n". ,„VI 4 jUr JjL>. 4_l u_3jj_*II (j___j_ . g-jj-u-j i j j j yc 1 1 4 -r , ,1 1 vi 


jj_~ _;j_^ 


^$iu__ll ^j-ol jp\ glicgjkjckaJllLJail 



_4__U__| _____ ___T _Mj jj__j]_JI Jj-j-JJj Metabolism ^ Vl 

^ 0 i MJ iSjLuO (_£>>•! -^J-* 4___LL_JI OjJt J___JJ i4______3 __JJ - L-Jj JUj-Tj-j-JLl 

fLi ^-JJ Jj "n L$-Lq UjW> <jf cr^i F fee radicals *j-->J! jj____J! 

LjjiJI <y_»j SljUI a Ljj» <___ L-_Lj i ,i ...j j-_>.Vl P j__ >JI _)f VJ -cjg 7- 111 <jj 
JL_> ^lj Laj 1 4_jJ_>J! j!j->- <- tf l"> L__j1 < . 1 t 1 „jj i Ljj Ju j£j~i jl,1 ^____ j jt mll 

Cjj-*j Jjn^ _ \±jJlla - \ o-^-Lo _£__ <_lL>JI jl Jl> (_-___ l__Jjj j*ji J?JI (_-- 

(3j n mi 1 1 ^Llj] j__ _--fl oL__j_>J I J j t jjj ^j_4 I ol lllj 4j1 1*11*1 J_3j . 4jl «sll 

__Ujj J j U j 4 .4 y iM 'iVl <_-_ l___J1 £j3j jajuc ^JJ _JJ j ^jjj ________ <5j_->J! 

t _i_J__J1 j-o__z (___ 4 o $JL1 (____ j_xj_Li__JI _jLLl-> __-_____. U nj!4 _jjl » 4__J_>JI j_*_- 

.( TY ^ rT0 ) LL_1_J L*_ Cillo- L-bj! <j_J 
____ ^ ____>- L j Uj , __ (jru>- __* VT 4 « j , „ _xl ______ ji (jrtt Jl ^___j jl___j 

(j_o j->a 4_->-j V j , n H _>__> j_-i (jl ____. Jju Ls j_bj ijL___yi <_-__ 4 

tjLa _JJj__C j-*» Vl ^lj Loj .(j__j__JI U t ii"i t > (___!l 4_,l ,,■ JL (j_a_Jj 

_^>-M-__>J _-![ u t inllj 4____j_>JLI 4j i£J\ _>_JL_bj 3jJ3jJI _>_-£-) 0_ii> _-l1 jJa-JI 
J J j_-f j~$J i j->-T J^J JjJL___j ji . j__-wT (jy>. J-e_- _j_^ J-^ J ! 

(__i_u Vj ,( TTV ) (^JLsJI C_QjJl J_ Vl (___c (jj n-r lll (j__ JLj_iuj < nj^ ,,,j 
- L^JUj t4 j-y^L-Jl (3jJ_J1 JuJLtJl (jja (jj^-i 4_LoL_i__ 4jl (__j9 jJ____JI _J:j_-j 
M,n*)MJ ^La__i L*_aLjj _Jj^>u __-!! 4 jr J 7JI 4>iL>JI 5j_^-L_Jl _ J_j_l_JL 
L>_^JI __jl_' I_1j r ,„ nn V_ >l_U_- ^UI LMj- (jl(____Ju Vj OJ-*^Ij 
l j (l_^-_t_ 4 nr \ ,^>a ^ iWi (4 jajjJI L^LkJl) (^j 4^__JJ 4 o r jji 
VI ujJ-a-J V _JJ j < .'i^"tj *4->-j V j m.TI c-__>o (___ 4_xi_jJI ^ ^JLI (__JJu V 
__>jj_tJ.I 4->j,Vj __J1 (j->jJL ^!>LJI jj-j *4 j jin til 4_i___. J__>Jl 4__J_>J1 £jj-jL 
tdJL_- (____ jL_^_>. JSJ 4 jr -^11 4 jl^l o? »QJ ' "ij ^jL (j__>j_4J 

(___s Lo)> _ (__J Jl_»j CjL» ^—jLL-Jj-JI (__>> jJj j J 1 Jj-J L*-^ _ 4_>-j_3c_»__J1 (jl \ o j'4 
3_l_cJ j__b J_>JL_ t « 4 n !"i -> a 4j„\ i„>. 3 j-g-_>.V J_-lj t___j (___ j_4lj-_L-J __Jj VI 

jj__*_j _______ jlSJj .-j__j__J! j L_u_JI (__JJ jj__j (_-__> 5jl> (__1_. jL_^_>. J_^ 4_j__-jjj 

<__ Jj t U (j-AJ • Ljjj__j JU___>J! 4 tt . „*t j ^ j o (___ 4__j\_J! 4 j r j -y, T I 4_i_>Jl 

(J_v-j 4JJLJ! 4 T ,,,iVl ^ Sj^jII 4-JLJI ^jl_>JI L>L>J1 (jt (j^l ,___>. 
(^Jl __J>i <j "i ,„V1j J_I_JI 4 jU ■! 4 r j"i* t L>L_>JI j-_» jl_L_JI (j^-jj-j-3 (_--_ 


ij-O-jJl ___1 f \ n"tl f-~J-fcJ _ *____ Jfb (jr-^-J - llW-' L-$J iSj^i. 

^J-A , \ 7\ °l Lfl _j__JJ_-_ _____ 2U-JLJI 4__^_-_>JI L>L>Jl _____ l_-_ol J*u__ 

CjI j!q f jl JjjW^-J _-LjL__»1 jt ~-j^>__>J 4 j Y» 4-_3-___-j _Mj j_t___*JI L>L_>- 

1jJj___ _/___- LJI (j I 4__j1 __J1 Jj_______JI ____» JjJ- 1 L-4__j . 4_j__- I j__w 

L_-j^__jj___J ^j _ yCua _j_L^)lxlJI _>SLJ - La J 4JJLJ! 4 j r j->JI L>L>JI 

3j j i*S CjI j o < Lg-Lo LbjJ -c_j___u _-*->* ^j-uJa n L_bjJj_>-j L_j_4Jj _-ui- i nU _-J3 
pljoj miJ jt _£j_____JI tl_Ju l__JLI l> __jj__JJ 4 j -w^Lc __L__j-_a___s 2Lj__L_' 

. jJI ..._>_ LjjiClJI 

4-_lL>JI _ji Y ♦ * o |-L___II _g \ ^L-JI _>___*_} j--*- u*-- -_*__> 3l_vL__II _>__t 

___ 4 jl ^ _;? J__- L-^i-wo t _;j____- Vl _____ j i <"j ^j mm 4 . ILJI 4 j r_i_u>JI 
_v_>j_- 4_j__Lo **__jjujj 4__iljjJ 4j_ij_>. 

5jLjJL_>Jl ^jJl L>L>. _jV __U_J .^jJJ 4__-JlU 4_^JU>JI 4 jLkJI ___* *4>-jV mmII 

4__>. __> __Ja ^o__u_>JL_ __JL__JLj (j_uL__jl jl ^L I __JI _L__j jl__ j-j______ L_»j o r 

4-_al_>Jl J_*__-_j Lo_- i^j-oj-^a 4_La ^y" ij (jJJ_ __*3 J-L>- _£lj * 1 — _u __JI 3 Ju V m< 

L^jja jJ__JJL J---I L-$_LJ_ IjJ .^ulj jl ni". , J 4JL> ^jJJ 4 __-_Jil 4_l__j_>JI 

j____j ._>_»j___U L-j_o__j L^jL-uj I flUr ____ j Uj i nl ___JI oL-l>JI __JJ jJ__JIj 
*"i^_L_>Jl L>L>JI 4_>. jjc-l-L <4_j_Ljj^iV| __^Lll_' <__j:Lfcj tV. Zailt C_jU_> jL_ 
* — j jL__L__j L^j -JJL>tJ C__-il_ La 4_j___J__>Jl L^L>Jl <_jj i's\~t iii 4_>.j V j _-Jl jjLi 

^fClj_u ^jlU 4iiih1I 4_^j_>Jl L>L>Jl _jL__ j 4,11 ____■ ^jl__JI #:L_j! ___i 4_l JLej 
4 jl->JI 3j_l_9j 4 jIiLb _jj_»j Lajjjlj _--Aj i3jL___JI 4jj1_>J1 -jL__L>J,I L_^JL>I j 

4_l_ijL_JL1 Joj • irttl -jVL_>- ___ Lu_> ^ m > i^jjl L>L>. ^ji.n" __!__, 4 jr *1 ->JI 
_j! (j^OJ j*J-U 4 nnill 4 jr,*i >J1 L>L>JI _>__ Jj_- Loj .^jJl ^j ; i r>" ^Lol ____ 

. 4 U j ■ gj __LjL__ jj->j j-a 4J_> jL_u_>JI __j_ 4__JLJI 4^ j_>Jl L*>L>JI _y__ JL_u 

.3LL_llj jj-ojll J ^J _M Cj^j^ nia L^_ua __jLjj 4_>.j\ir j __tl __jtj LlA _yaj 

^Lc J< ju 3_^_jl_>JI 4_J__JI __>. j_V j A, jl j_j_i _jL__ 4 4_JLc L j-ii! U_? 

t j____jJI 4_>-jVj I* __JI _;jjj tL ul> J_L_lu ^_jJJ 4 _ i m i t, I 4_^_i_>JI 4ul>Jl j 
-_JL__> _jl ^l q Ittl J jJl) .4_L_* JL____>Jl 4__-j_jr j m, __JI (Jjjj L-jjJlj ___JI 


4 jg^l jl£_M <jlj .4 jr j *»,11 4 jl^sll ___i 4j>-j Vj m,I1 i j iij<j I jo< Ij^ub 
~*j JL_ ___! i^j n) j_p Llll (jj^J <.Sj~- i 4 j ri j^ 1 1 Cj I j j «" II jj_ Ij^iJ Lj j t^^S/lj 
« im <i't JuJu>o __]__ L^jjJlB __ic j i^i mrtWI __ic 4_JLJ1 4 j r JaII 4jI^II 
l_jIjL__*vU 4-jI j__ i„VI ___£. L^jjjls __ic L___jIj i __>a 1 Tr 1 1 I jl iLa __Lc j 
_u_ 3jL_c 1 fl "mj i <jl Lajj . I ^"m j i ___■ L^j < Ltm _-jJ1 4_x->.jL>J I lIjIjjjUj 

_>c SjL_c 4jLxj_JI J_L__j ^jLa ^-JLJLj iL~_^L__fj * m miII L$jj-l_> j__ L}L>. 

^-J-J LcjLs Oj \ fj\j i^-jLj _j j^tn n n JL_5 jl _£j_>VI __j_ jj -ar f JjI___j 
4j I *i i u I (jLfl IjJ '4"^ il _)j| jjfe j*jij J£ (j I Luj i4-_j mi a 3 j j t " 4 
. Luj_3 J^>-J j < n _pa CjLI "r~ i id ^jJwS/l ___& _)J-^J 4_i£. j->J1 4_xL>J I ^j i ty 
£-a JJ4--JI ~L_jJ_>. ~Uc j_>J! 4 jlVH __i>. JiijLstj U^j L_j_i_, uJLiA _>I L__ 
(Jjoj^Ij ,j4_-1 jJ__j L^j 1 jJbj i LgJjj- £y& u_> j t < 4 yfi ij I ^jlr ^LVl jJj-4 
L_UjJ LjL_-l Ijl ^Lc J< .Vj .4_JjJU 4ji^L>. ___bj 4jI^ lg"<l"ial 4j i^L- 

Js__u ^l *L_i_1 yS\ tf jJJ 5*..V,U ~L__j_>JI L}L>J1 ^j ij4__4 
___Jl *stress 4joj^3II Jajt i^illj oljjj^JJ 1 ^ iXjjO jjk ,l^L-JlJ LajlI^L» 

4 iL^ miii JU-L>*J ^^ic 4-j^JU>JI L^LiJI 3jJLfl ^ya Jjl3"JI ^ Jjj 

~Uj£Lil 4_»jj_^JI oLj£Lil ?OLLjl jl 4 y)U 

4 j c.j >JI LM SJI jjl-c Ji I o < iHematopoietic demand ^jJJ 

4 jl 0 T ^jJS - ^J—^JL < ~ i i j ir-»l (j^jJI I g " OjLaji (j-C _ 4 n mi -JJLIj 3jU JL_>JI 

ij\ VJ .4 j r'\ »JI 4 j l^JI Cjlj jfl4 ^Jbl (j^a Jljlj ^ylJI (_^jL>JI j___j_jJI 
l_U_j ij-4J-!l ^ ^JL_uJL ^jL-u V 4_i£.juw L>L>- l_JLL_> (jl (j-cjl 0 >>* jH 
L^j jJjLjj Lq--> 4"ij ollj 3j_a___>JI (j_3lj_4Vl lIjLjJT (j__a_jj j^LJlj V L^jV 

Lcj „v mi ->JI juj ^j_2u _ I ^ "I i ^_Lj ____; _ LiLJju ^-j-j i^j__-Vl L>L_>J1 

.( Tn ) cLlL-O UJ (>4-UJ "U3K L>U (j-4 4JI ^Ll*j 

!4**f*_Jf ^ ^#_U 3«_4I bjll__lt bj^ M ^Jt iJill 

i L_J I j ^duoljJl J_JjJL ^LjJJI Cj*;L>. (jj"i ^LjJI j_3j_j La _>-_-_ _-ic 
^-A L^j-* jJJj j M,i V ^jJJ ilAiil 4 .r j >JI L>L>JI o* Ij L__Lcl jl_j9 

l_Uj i|_jJI LM_- (j-Aj ij-ojJI 3jjtm j (jL>-Vl 3j j i ^ _> LjL>J ju>.jJI jj___JL1 

JLoj . Lojj ) Y * __Jlj_>. L_l iri 4lj t<L_jj__j9 ^L I JjA_> ___> lZjjj4JJ L->»J ^-jJI 


__j-_»jL_ (^SLj^o^I pJUJl JL_ T * * 0 JjjJ? 0 i£_.j_U _)___- j-_ljJI ^jl 

Ljj *4_£Lj J _< 1 Vt jjLaj! 4jVjj ^yjln.., ij,„ 4j^Iaj Hartmut Geiger jy j> 

^yi 4j ^»"i i"n LL * 4_>. j V j mi 1 1 Q*JjJk JuB 4-j_c *t ->J I 4 jl Vtt _jt ^jJoj L_v 
\ $"i j->La u l r 4J__aL>Jt j o*i m,U fJ m, rlWtj 1 fl mi (1 *i Ju JL_>o __Lc 3jJl3 
l_Sj_jm UL 4 -r j "nj i fl i^ f . 4- j. f. J-jk 4 jtV ^ L_bj jgl ^jJI I ^ V>j ij 

j-l ,,. rt\VI __l jJ o r j-c jjLUI < M~1I Replicative impairment _» 

4 jr A y]\ L>L>JI J__j» _ f \ itt rn_M 3jjJL_1 4 j r J_>. L}L>. ___ 3j o", ,„U 
£_Jj - 4j^JL>JI Cj>I ir>tlt L^L>-j ( 4Jjj_U 4jr J 7JI L}L>Jlj ^jJJ 4i,Vijl 
^JLjJLj <4 ir't ^11 4 jIV1L 4__>j_ll l__*L1_jJ1 _-_ »~»J jJi __J_JI Ijub 
j_%j gl j<i t IL£ 4tt"n L$__scjj tt it-j Ll£ 4 njhjJI 4_ot_ _>C ^j^L-uj l glt^yj 
.Jj^Jja Lj_?j USj.^Jl t j-__Jl JS 4->.j V j m", »_* 4Jcvu jlt ^y.^lt 
4 jU r I>l_jJu ^jlU 4"i m, iU 4 jr j_>JI 4_iL>Jl tjjl", ^l _nl>-LJl U L_> 

lIILLa (jl 1jJ_>.j *i_-jl -r "11 CjLiIjjj>. u lr. l_Uj l£>^ tj^-^-J * L^J 4__j Vj m.11 
^ Y * ^L-j u k t nrJI 4_jL_u _£ jJI tjLoJI ___ Y f_3j u i i in __lc L___j_* 
___ 4_fc.jVjM.tt 4jUf ^i-Jj j_3jil l_L_> t4Jua 3jj____Jt ^tjjjt ^J-lj i_)L_oVt 

> .jijj ___ tj ,„< jl >ll>. _>t 0 >>t Jt ^"1 r. i.,t La-_r .4 if jl->ji LjA_>ji 

lP! L^^ie 'f Lc J-L-u LjJI *ls>^- ct^ ^jj^l t-_j>_»Jt j! c_tj^j_i_^j_L_JI 

j-j^jji j^Vt .( Tr '> r j_j ii_-_ii a^j^ji 4^Lvjt a^jv j.yt^i^yt 

4-J_*JI 4-i-j V j m> ^j-uj 4 "ij ^L-j LjJt ^(Jj_>- 4wajL__ ^jrAj ^j-_jjj t j^__».LjJI 
^jJJ 4\ j-Ut 4^cjL>Jt 4_i_>Jt 4i.^^ui ^lj^o-A^ 1 0 ? J ^^c^JI 

Lo_b 1 U n 4 4 j ^jL- J>atj_c (j-»*jJj 4 LaLaJ 4-J_>J j Jxal j_C jJb * j 4 ttt 4JbjJ_» 
jjj_-i 4_>-j V j MitL (jAjt inU O^ 1 ^■ Ju * ptf ^ O lj 1 r J J_3j , u ^« Jl _-C Ju 
U> jJl j-^Vt i3j-_o ^jjt ^jLLj 1 <ij u jjL_xj ^j! La£ i4_____%Jjo ^jjJ 4dcLllt 
jl Oj-jt-c ^-Ul t^jJJ 4 S mm U 4_i_c j_>Jt 4_J->JI ^Ja (j-tcLi- ^JJ dj___*.jl 

4_y_L_jJt 4^1, nVl j-O ^t ^LUI B LM_- ^JI jjU_JI q- r.l,^ 

. (YVV) jL-^t^iocLUtj 

^jic Sj_L_> ^j mmj j-*SLj _-UI 4 j r jl^J I 4_J_>JI Ja : u Vl Jlj__Jtj 
\ $*i c a3 Jlj Jlcj 5 j jj ^ ^ L__j t u Ir I JLA l__3 j ~m Jl_ )S4_>.j V- j m, Tt ^5Lc 
4 j !•>. ^ I 4 j j j j ^ 4_lC j_>- 4-J_- J^Ja iLgjlj 4 j r Jl^J I 4_Ji*JI 4 jr jj 


A>9^jmM ^jiijj/l £l_c$ frjr %-J I \ 


__.! _ <___. J__ __JL_JLj SFetal stem cell j-^LJ! (jrU_»J! 4 ir> 


4 ji^Jl j,.V ,r-> 4«, "d_JJLJI 4__L-CJL^JI L>_->JI {y> \ j j JjLt j^C 

£>L-aJ 1 fl «I J tt * t nl __-_■ 1 4i fl 4 Ijjj < . t * 1 j 4 j r j -sJl 

Ul 4 jf JL-7JI *L_U-L>J| <jl Jj ~*1 (jl ^ ill"< ,n*1J 

Jj___JL ______ j 1 ^ij/ _UJ_j t 4-jvj V j t_JI (jj_>lj__-t (j-4 ( nj <i V "11 



s__^_«_ji j*i _*t <ffe w *s-_j' |tiM-_i 

M "1 0 - i5jL_>- <_-i__ j <nf J£ j-M-c *L>.jJr j J-JI ^>L*_) LL-b v <r->"Mj 

L*}L__- j^-JJ Cjj-jLoj (_-jJI 4 j j j j -»J 1 4 1 r JL_>JI L>L_>JI (_-J<aJt_ ___j_-__ 

u\ ifl> Ulj J_b jJJL^ JlL>J! ,____ 4________4 (^-jLjlj ^jj I 6 itnti «^jj-w 

Lj>L_iJl <j_4 __i*l_>. 4 j il"1l L}L>Jl 4 (Uti jj r ttl (j__JLI <- Jntlj 

Jf> <jl 0>-»J jjJL->JIj . »1 r Vt 4_j__j j_a !j____j 1 4 j 1 j 1 y 1 1 4 j r Jl_>J1 

L_U_J . t 3 ~ y a j-j 5 jL-c) JLjlj < 4 m iii _j__jjJ1 J m\ L>L_- (j_4 ^_-J __Lt_> 
">j U A 4JL--.I <jj J (j__a (j__ujJLI (j_A ^ la 4j, i \y 4 t\^ JL-i- t-J jL) 
___! I — JLJJ 4 j |AJI (j_4 Slj-Jt ____-_j ^oJl (jjj (j-«J 4_Lo "_L__-tj 

4 irijj-Jl aJJt £jj- i<J * Lglljj (j_a L_— j in a 4__.j _ 4 4_____jjj __ijj-_>*j 

t £j____ I 3 jj ^ii t U (-ii i" <„t,l ^___ ^-ajjjl Stjj ______ 4_)j___>J! j 4j JljJI 

I i << CJ _--J1 L>L_>JI -jIj mi r (j-a (jj^ jj Lj-jI JL» 1 jj *ty -e-j uoj <_-"-->- 

<____ (j--Jlj Blastocyst 4__«jjVl u ..j< > -dJj ,iir ^.g ..." __-JI *__>____, 
4_»j_L>JI 3L1_l__J I LjLj*- j__> juj t "itLj jl_____*UIj *____ i j m 7i\\ r, j i 

4 n A_ ^ LjjJl-J Jlaj l-4_JJj .4-4jjVl (-_uj_>o J_Ll_ *L-jL_JI 4 jl^-t jJI 

^ r. M- M.tL ^ljj ,„VI Ji ^l t -_i__JI L>L__w j__J-L ^ 

i4 jij i^itl 4 j r JLjJI L>L>J1 -rj-i-J L^_-_ ^JJI J i4^-_-j_JUo 4jjIj 0 "i miI 

<. ( 1 nLuO (j-^L-W 'U 111 J __J9 LjL>Jl _»J__) Jj->J l"i j .L-JJ-J1j ^ i 1 1 <j->Aj 

(j__jjjl (__J1 jLt_3 *4 m mVi 4 4j JlL>» L^L_- __J1 4J__»L>- CjL>JLt 41J 
i 4 i 1 rt V* 4 ___iL_* 4jJL 3_L>.1j 4_Ji- ^j-o ^jU" 1 -J lj_L_»j . 3j j >< jljLcl 
4_> <"i< mi a\ j ir>r JSJ 4 m m V"it,l L^L>J I ^Jjj \ ^.j.^-rw ^-I-- J_u__%j (j I 

J^^ji^l 


j^ 


£ j-o-c (_-_9 - j-^LJl (jrtJL>JI ijja 4_^_l>J1 L}L>J1 ,j\ (j\_i_-_JI (^Aaj 

(j^J 4 j m j ^J! 4-j-CJu>J1 L>L>JI ^j-a J t>\ M (____, _ J<> >JI 4_jL^j __J1 ^jjLl-I 

L-_Lj--j cjI^ja^ _11_aj _____ ____-J L$jl __U j . 4->.j Vj mJI j->L_, 4JJLJ1 

J£l iMLj-L-JI |> v r 5 j ,r>L>- \ i^j .r-> ^ t l g-Lc (j^L_>J1 J_____JI ^ya 

L_jL LjjIjj b__*L jj «il1"<a3 L>L>. L___J L$jV <j-Ll * Antigenicity 4_4__.LU1 

4 j r __->JI L>L>J1 _"-_>. < « I 1 ju_> (___ (___*j iCk;L> 4___« ^jJI -r j << t ]\\ 
L>L>Jl (jt 1 o ^ > 4 <n m V *i a __]J L_£jj__>_ _j! __JJ £____>_ (__lll 4 jj ji-»JI 
__Uj (j_4 J ir>'^t J <w 1 1 J i __jV1 ^lr 3j J__ LgJjJ j-BLJI (j_i_>JI (j^a 4_^ j_>J1 

uh-L>JI (j-o 4_^ju>JI L>L>J1 (jt L^ .4JJLJI 3lu_ j_>JI L>L>JI (___ ^JI 
jlsj ( Lo j_- ^JJ Apoptotic J"->j-4_J LajL-Ls L_-_-,Ljj _d__4J jJsLJI 

4j_L__I1 L>L>J1 L$j 3^.<CLi (__iJl Homing 3_>j_J1 ^ya 4_icjJI 4j__>I_- _)? c<n 
ay^\ ^ ^jJJ 4_L__iLI 4_j__ jl_>J1 L}L>J1 (_-_ 3^1 <i< (j .,■ >.! (jj-C_j ^jJJ 
(____! (jj^? j 1 j j * j 1 j ~J 1 ^jjjj o' L^ . jJLJI U .->V >u 11 ___ La_-_ jJsL-JI 
4_^jL_*JI L>UJI (> U_c ^LJI tj^oJJ 5u_cjL>J1 L>UJ1 ^ Ij-^jj 
4JL_ ____ »L_JJ L^UtU l j j mi JjLl L__j 4jI^J1 <_-- u Uy La j->j t 4JJLJ1 

. pLU-Jlj J_Li_JI(>o 

(__^ * LLi_ L$jj_L>. (j_« JLtV 4x_^a (___> 4->.j Vj _J1 (jl ^Uju jt (j-4 JLiV (j_J 
(j-« JLj*_' 4 j o*i ^--tj t^j_j_>JI (__!_ 4_«j-JI CjL>.jJ (__i_. I (____ 4_3t_aj_j-« 3jj-*jja 

jij_-j ^L-oJI I jla *4-Ls j__u (jj (j;jJ1 -jjJLIj ^Li_J1 __JJ __Uj jj__b (_--->■ i ^ r j_aj 

4__se_Mjj| JUJL>J 4 j 1 n t i_ 3 ■ L i *> >J I Lj *}-_>- /j__ 4 jl^. J_T (___3 L?e_cj > -t j 1 ol^ilc 
__L___i)j iJj-l (__!! 4_4ul j 4 jUr <-,.nj1 4j -j-L>JI 4 jr,*i ^ll L>L>JL j_____jJ1 
j—^^I j__>j t L}L_>Jl (j-« JjJ.1 (j-a Juy-4 (__JJ «Jlilj " 3fcj j i>i tll -_jL_j____ (__L_ 
J-L__j 4 j r j_>J1 4_lL>JI _,} JjJaj jl -^jU"i __- (j_*__3 IjJ . 4j1 j JL_>. (__J_ jL-JI 
(j_« ( nn -_j (jlj 4_>.j V j ilJI j__wjj (j( j^jU" m' (j_3__>. J_L_Lj 4_jj_uL>J1j ^L-C 

. LoLu L^>.^Lc jl L^jlLo ^jU" i -j V (j_Jj iL^ja^j 
i4j \ mi ^JI L>L_>JI Lj _-J_ 3jj-_>*jJU 4__^aj-_J1 oiut <j] ^Liu <jl JU^j 
^ LjJI JjL ^ (^l-Lj __-L-_j l^j ij mm ^-Jl 4_>.j Vj m.TI 4j1 otj 4__oL>Jl 
^jj-j_>JI < n _- 1 (___i 3jj_>.j_4 j-j-C. 4_se-4j_J1 0 j__ t 4_J_>J1 1 ^j*4 ^uiii n 3j--i JfT 


_;j_^» 


L-L_. r> n i j V ^-JLJLj t (4___>jjJlj _j_a_pJI) 4 jl . iilnH L}L>JI ___a j^-^II 
4->.j V j ^itl _nj| j__ 4 jlr <_$j*_>J V L_jL_ JI-jj -p 1 ^*'^ 1 4_iL> c *L_jI ___. 

_>__ Jjj inU ^ttjjjyij • _Jj_ <j_a 4j, \ .,i>JI L*>L>J1 ____; Cjjj>- l_*£ i4^jL__J1 

_ __jjl>JI 4jIjli <___ *L___j-__ 1 _ j_*j iTelomerase jlj^ji-LJI yt __J_ 

^j-_u .''ij ~- t4 jl VI I 4_jjIjjJ1 SjLLI i rt r 1 < pLjI <_«__) _>_i>L_>. J__J_j J o tj 
t ___cL___JI 4 jWr I (jj4 _£j_>_» _--_! 4_____J_aJJ ^j-gjjJ lj <j__ujjl_J1 4 i nil 4 j I 4 • } 
_>£. 4_)L_w| | JLA ____ _)j£L J_J-j . 1 Ju! JJLj V JL-t _?j - iii a 4j j*jj_jVl lj___ 
u i rtj 1 o "m \ ^j_j__>J1 jJ-=_j I jLl : j-Aj Jj____JI Jj! _-_J ^j-L» jJ! Jlj intl 

^Hinl L^L >Jl _yO j i ii aj j-4*J ^jJj_>J! _)1 Jj-_jj __U_ (j-ic. J_jjj ^ JL____>J1 

T j_-|j Vj LM_>J1 I 4 j fl £j_A_ V ^l t 4jjjl__J1 jl 4 j u_l>J1 LM-j>J1 

Ijla 1 ljj"»r I V j mi i>jj_____ _j_? jj _-_->• LLi ^tjyjsj Lgj LjJI __JLiILj 

jJ 4_ V _dJjj t L_iL_jVl jj_ VI U-j-aj V JL_j _>>sj <Ju_> _>* *4_*_-_->j JLc Jjlni* 

* L^L>J1 L^ j _ |fliMfli"i 3j_a J£ ___ 4 jl i uLjJI L*>L>J1 ___ LjJI _)__-__ j l__jl_~ 

_jL_> 4jI jAj * tnj i ii j iti intlj i^-l_x_ f 1 _-JI 3ji___. 4-jj im j Tl ^jjL V "*n L_- 
< 4, 1 flj L-ilj-J j_£_- !__»_ JJ__j _jl Lal ♦ J L_>. _" I _yi Jj-J- JJ_- JLjj _>_aj n j j . 
JjaL- L_J JxL_* _>___*__. ___ 4i"i o m 4loL_ 4JLl_jJI J__ jl Jj .^j3 __JI 
JL__>JI L>U- _)1 «^ h V.,.^ ___ 4_tl_- J_T __£ l^lo-rjj 4___>o 4JL-lfC 4JL_.jj 

: 4 ioiii l__-jJ1 _-B _jm^JL_-j J_w>-i 
jjii_ 4jl_uj _ 
._-|jj»j 4_>. jir j i*ii 4JL_ijj _ 
I $ m n'i 4_LjJ_J1 4_j__j_>JI oLuL__J1 ___j ( jLl__JI JLxjj 4 m ii*t LjJI ___ 
l_2jju 4__jL 4_«_i___4 4jj_3 4jjj n oj i h L^jL t i )y __JJ Llcw LjjJLI j JjJ_>JI Jl>- jj 
jm>j ^cr^* J-^L^j-j 4_l i-c_joLj_j aJ — •_> L_a —-aLjj «^jJLt q\ jij- l)- 0 L-ii-l-i 

) 4jJ1 _jLtJ-_o . . . jjLjjj JJJJJ J__ L_UJJ j t t~u^ 

4 jU r ___ _1>JLI j__> jlj_j__ojl j j Tl ^jjJ^ __jL_JI j_->J1 jj—- L-jaj 0 rj 

_______ jj jl i1_ijl_- Ljjl IjLii <4U r j _rj->JI Ijl^j Jl *"j jjl>JL_- t 4_>.j Vj inTI 

(*=l)-y J-« — -- u-* 1 Jj ^> ' 61 ^J Ljj-Lc. I — 4 — 3_ j 0 r Jj-L Ljjl _jJ J-__- 

Jg tj ___II 4_jjj_>J1 -UajlriiU 4j nj _yC t 1 *.-- j*i 4 1 n gj L__)jJI ___} j < ^^jj_j_aj 1 j "J I 
(___ I ij t 1 0 jUm i__lL__b _)l JL)*_ > jj . _;jjj_j_ajlj "i)l (j->J1 IjLA L^Jj—«l C_ 


r jUmTI llLAj.USb^UL- *UJ1 ^ Qg_»JI 4jjjl£Jl 4 ,,„1^11 L!>UJI 

-jLj_>, c,<i ,„j (^jjl Genetic imprinting ^lj^JI £_*jJI ^ ^^jl^ 

j^Jj (ji < . ty23 * U '"^ ' (J^ ^hH^ 1^1* 7- JJ (Jj^-I -__Ll>. J t mij 1 <v m 1 1 l^_-jJtJj 

^cjjjyi !_-_ jW1.cVi ^ 4 j mm^JI L^L^JIj qUqj m.TI LjM__>. j*j 4j1 m, "iTI 

L*>L>J1 jaj m (j^J JajjJLj lj-4j-_J ^jl VI ^jjj (jr^J^LjJ! <____ L_3 t j^j-ajLlI I 
"v*. t <r iLli4-> I j*j ' Jjj-oJL Ij *S mi 4J 4jJU-*^>JIj 4_jjL_5j__JIj 4 j nii-^Tl 
jJ-ul 4j3jj_LI £ya JLJjJj S ^ JjJ_>Jl J <_j!j uJl j-miJ lj*C < n*j JL3 ^jjjjSLj u_3j-_g 

\( m ' m ^L* 6 l.^l 
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cjj 1*1*1 ^ *\ ^ ^ LjlJ I ^j^o j j o " i 1 1, Y V ^__ 

^j-a 4__ j o a _jt *_L__« L_lj *LJ»Vl oVL_j 

jl_ iA jiLL_jj.JI Leeds jjlJ 4jl»U »1 «lr 

*>tj aV jjia J-jJLI Lj!>LJw «Lcljj !j__L<U 

V 1 — g i^i j i a <jt _;t t(J _-t — jjl lm <____ 

_>_J ( Oocytes ol ^j—Ji £-__1 <mj & 

jr>i Jll <jL_ 3jUJL_»JI L}L>JI 0 JU- £jj Jju 
) 5 CjLu^jj-J I ^JjJj I J_i 
iU ri ^j-ujJ ^j t,>ill ^ nlj __tj__u <_jJl_- Loj 

,_jJI L_;>Li_J w Slj^JI *_Uj_lJI ^lc 

t ' tn mi> j j t jnj i o j-o l_j__>. t ___] Ij t".r j j 

IjM-ssj L^UJI oLLhjJI ^Ja L—J (>SJ 

J V ij jj — j_S__JI jj y i Tl StjJLI <j_a — J * 

5 i j \ >J1 L}L__>JLj cjj^iLj j ___«_>? 

1 d ^Lju tj—.j ,4 U __JI 4_,L___J! ^ 

iReprogrammed 4 " a j_> _____ ^-JiljjJI e^-^ c--- ^ ^W 1 ^ 

ij^jb ...^_^aj ^u_ji 

3_L_.J 4__i___j 3 jlo r <__* «__1>JI ^l j^jjj hU ^ ^ 

_,_->. jj yc jr>V _J tljjU o ij m J_oj__. _oJ>tl 


*jr vtH7_jI j i)I 


jj--"» _>__jLJLI JJLA < " < 1 j Jj_-A JLj tu. j1 j -JIj I i mll 4__ -j_« ^JI -J-*J 
^ "II 4lriMi]H 4j injjU Lu}L>J1 *'l A jjL-uxfl I * ^j <1 .--I i^JjJI 

L}L_>- Autologus) I <j ,,. n'i j ,„11 o <_j*I J___ <r, ^jj 

L$__Jj Allogeneic _;j--"-i 3ju ■ 0 ^j ■ * ^ __*._-*. t(l 4 m « <> 

-■ju- J-_J 4-J-C j__j 4 l^r i ii I JL>J1 ^-Sj *r U < mTI __11 j n "Tl Li-bj S"LLi_j 

.__VUJ1 ^_a L}UJ1 


M #§*j*H MiJM ^bjLll ,** C *f 

Johnson Bagley^U j> _>j ^j^- jj-I^jJI j .Vi Y * * i ^LaJI _,. 

4 j <i 1 1 Tl «j mi"j *n) 4J_?t>3 ___ 4 j~< ~r \ 4j3 jj OjL_jl__ ___ u ~t**- Jl 4_jjj__j 
_jLu jJJI (j--jl i a _j I O j V) 4Jjl lJLL_ _)1 1 4 j 4 J j *ij «,",j __JI "LajI _ 
___* jjLojjj 1 ,1 ii 11 , 5 j j 1 ^ 4__t_-i jj j_>. jl 4 j ml^ 4 jr j> L*>Li-. <*\\~t o" 

___ Ovarian follicles __}L__*jj__*JI ju.t T ~1 4jjIUU LM-iJI ^U' 

^oMI t j > L_---_j_J 4 t « __3L__j oJLA ^LSj . (YT ^ 4-jJLJI ____,_! 

_, * * fl l_ LjJlj- __ju <j>m 1 [I ___i 4-j__ 1l^>» L}L_>. j^jwjj3 t( j-uLJl ^ Ij-CJ 
__uLj jJL-C Lg-ij jJjj __Jj _ I _J *i_ujl_ j j n r JlLo ^Jjlj ^jo -Jii . j j 
4_L- j_>_ *LuI _-J_ CjjjSLj Jl_ - 4___ujj 4ul 0 ,1, o ^ J L_u _ _jL__jj_JI ^ya 

(j-C (jrtJ_II __-oj 3 jV jJ 1 J auj i^Vl ^-j __£) _, j j i -h) I __-^L_uJ1 

_>__juJL I _) L_ ^jJjJ I JLlc j ) I JU I _j I irkjj-J I (j^a Juj-« j *v"<j V J J.^t T I 
ij-c 1 , J j 1, 1 __u_j_uj oruJLl < ^TJ _-**' tj 4 i*Ii J^ LgJ-A 3j_2-lj Tn tj 
^ 0 1 m~i 4-Jj ^ mi II SjjjJI LaJL_C (-J_9j_j 4 m < 0 jjj-o -JJjj 1 <t d^L-il 
4jjJ_u ^^LLu ^ j ^ n II lj__ (j] ^_c.j (jicj . (YtV ^ ^j-LjJI _,__ IjLa-J» 

Jlj Loj Vj-J_L- _j_£ 4jL_ ^(jJJjl- jJjL_J J 4 i L uSl\ JjJ__JI ^JLJ jjlr-i" II 
J 1 11 i 1 1 ^lnm ___> 4 j a JJ j__>- 4_j_C J_->- 4 jl ^ Jl_w jj _j 5 L-o 1 . L_xJj__U 

^jU; ..." t Ovarian surface epithelium (OSE) } JJ ^gjl ^hTI 

jujl_>JI j__ I ,'i ^ '4 4 I jj-j-JI JuJL_*J SjLc^ 4_«jMJ1 _jL__jj_J1 ^L-jJ 

.(^ JS-JJI) L__v- 

.Embryonic germ stem cell (*) 


^j^ 


Granulosa Lj^titJ 4_L_>L_*__i 4_jJ j I O^Ll__jj_> 4_ijjLj cLL___j j_> 



j 1 1 1 _L_ Lj 

^ ijSJb __jL£ 4 iJijj) itl l£J Q>Ci_j ^_I_I <U_-_XJIj iU ( JS-__II 

j»jJt <*i t ^-Jl o^j jt.tj1.-L> ^jj* L^j <__5j__i <_h-> t _^j_ij_>JI (jjLgis_j*l -r j ni'iTI --__£ 

.^i^ itt 4j t gr L-J_i_>U ^ySJ 


Lcu ~-j iii itl JL-« ______ 3jjL__5 _ ^j^ij i[\ ^yj* 4 j f ,\ >. Lj !>___>- ->>J £_3lj^Jlj 

_jj-_il L_*_T _ ( ^j__5t___3 t(3___ll __Jj ujj-i^l j5-A _ L$£.^j (jLS' Lf LjL> (jja 4_JI £l__-_j 

J_j_>»_ V 3jL-__JI (jl Uj__0 t _jLLsj L-Jl j 4 jr Jl_>JI 4 jI^TLj _>_3__-Jl J m <ill ____. 

< 4JL> <___. Spare _-__»L_u->1 jlj 4_j___L>J! I ^ ,j a -w j_>,|j jLLJ 

_yo _)ljLL_»l t M"m L<tJL_-_. _>£J . I flj1r ^j__>u ___JI 4_jljjV| CjIjLU^I _)__ J_->lj 
4_>.| i ii a <jj Jjl (L0L4J £__>j--_- -r i __u Sjl j i u Tl (jL_- *4__jj VI Sjl j i nll cjM-I 
i"i t i n"il L^-Uj-_-> -___.L-ujq (j| jjj i JL>1j (jJai j"i^-1 jLLy ^j-uu ________ V lfl"n jrt~- 

JjjJ-JI ____ 4 lU tU _>_4 L__J___>J1 IjLjl L_JL-_b (jL_S U L_j1j_J_>J 4 _Jjt _J___J 

^Uil inj o i <*t 1 1 _)l LlL_j ) j jlIL ____JI Lj-uU _-_>* UL-p-l l_j_£.L_u jl LVmVIj 

_jj irt <- 1 4 i tU -ilJjj i _L_> Ij jLj-_- jLUJ _>-0 j_-_i _* 3jlj iii II (J-i-l.. 4_wj in a j-_l__jj 


J>^ij$\ JJ-W _^JvJ_- 


6jrV|JI 4,jlaM 


__J_3_j V , \ , n-»JI jj\ Jlu . 3j, 4jjL_«rrAlj 4_u_5j 4jtj i m" CjIjI V 2_>L_JLl 

*_V__Jj 4j 

<-__-= jl 1 '^Jj-* i Imi-w _)--J 4_j_S LlUj CjJ_> jl_ 0 rtV ni (j_4 SjLcL-JLI 

(j i ii >• lj ^jnSji e£JLll j-b Ju_i (j_o L__ojI LaS 4_J! (j _ <LiU j liaj _)L_ Laj i I "ij a 
iLo-lj 3j J3- jx (jjSjj <ji < . 1 -r j __lol j*"i --VI L^L>. <jj Jj-*L _jln iU <jL_l I jJ . 4 nl^ 
» 1 1 1 . 7- * <j^J in-r a *_---£ 3jj^j-o j-fil .5jj^j-fi j-J-- ___> j-SljJl __- _>_J 

£jsLj_jJI __J- 4_jjjjl __ijj__- (jjo 4jj o CjI nK^ 3jj_jwj_^aj 1 

l^j jJaj^ 4-J£T _____ j tv> r> i-_x__j J£ __]_ 4jr *v ?JI LMitU ^UJI _-j!jjJI 

(jlSLaj ___ Lg_Jj 4_w_>Jl JL__ _, n jrt-sll L^jISLc (___ _ 3 Jj_>-jj* 1 _£l _ ______ 

- 3jl j 1 nTI jLIoj _ 4_JJkJI _)j-_3 j tU «-jju» _)1 J j n _ , LoLcj jjl_*_*j ojLj 

__i_Jjj (jj_ j^a ^__J IjlA (jl 4_>jjJ i-c_pt_u_JI L^jlSLoj _-_ C_j_sj JL_ 4_____l_JI 
.4___JfcJL_o 4jj_j__- L-LajKj a _-$-- *jjJL__j jl 4__-1j__>. _>jj ^j-uj j i?t tll J-4-C- 

4_aL>JI ____ jj-^jll _-j!jjJ1 ^Ljj^JI __!! Lj_J_I L«i? 4 « ^jJ _JJj ___ f_.i mllj 

_ru}LQ 4j -f j i n i t JL__>J! »1 i^ir 1 (j-A Lg_fcjj-_T *(jl i ^ji l.lj . ^ j i ii ) J_J 4_iC JL>Ji 
I fli aj * L^L_>JI (j_« ___Gjj _Jjxj (jl jM_>Jj 4-jj j ir> ^-Jl ^L__>J (_--J! L^L->JI 
(j;jj_3_ ^lidii jj_^j ^j-4 Ju V _)_b L-bj . _j! l-ujjJI j L-t^j injj_>Jl LjAi- j-jJ_JL 
4jj jJjj jrtj jl I (jl Jj___ _)_! . _j n j i o H 4_^j_>Jl Lj*L_>Jl jJbj t LjL>Jl ^j-j 

j j U "i 1 1 4jjJ__j lUn 4 (j-uJ __JL-i_j Jj-£ t _jl — t__jj___J! L^L_>> (j_4 ___jIj jjl_c 

4— uJlI^JI Lj__j1 4__Jl_i_j 4-__Jj i J_L_Jlj (j__jJLl t__Jl Vj '-. ^jjijjj i4_j_4-->JI 
4jJ- JL>JJ V i LjL>JI CjLj-JjjJ (jjs (jj-L- ^-^. ■ V i ii >* L^j o i r> __jJI 4jJ__a_>J! 

3(jjSL VI l-osjj L_>V jl>Ij ^IjJ- 
Bukovsky A^< ,., _j__jj u^jjJijl J_-4 ^j^-LJI j_~ jJ-T L_jj__i ^jSJ 

4 jr ^ -y- L5L>- _--b 3j jj^tl LjVL>J| tf j__ (jj__i ^jl I j__ojL__ ^ TVA " YT ^^ jj-_j__j 
1^>ti jj o*Ti (__xll «SjCjJLI 4_-_ujjJ1 (_-_b j-^Vl J ___» 1 ^ I i4-j^jjjj> 
4-_jjj3j ^-IajJ (jjj_u>>- _)f jlu .<j \mU (jj» --Jj_«-J L^-ojjJo (___! _-_bj j^u-JI 
4 j"i"r ill ^j_3jj (jl ljJL_j ljjL__ ijj-^ 0 Lt^ 1 " lj -^J (^4---* cr^-Jl 
!|«JL_JLI 4_3t___lj jjjLj 4 ua al__ _j>tj itl ___ 4_^j_j_>JI 4 jr j -^ll 4_Jj>Jl _u- 
i < a i a r ^-ic. L_ulj I g -lLc IjJ____> _-jJI |«4-cjI_j 1j-4jub (j! IjJLjJj ^Jb IjJ 
4 j r Jl>J1 4_J_>J1 Jj_>jJ j_>.I 1j j i ii n"i Cell 4 jlVtl 4__a__a __3 I j_-___>jj 


jnAjdl gUcg h jr kaJld»flaJI 

(J_i SjL-lAJ (j5_L«1 (__-6 f MlM Cj__U_-jJI -L_1_3J^J (j I J-Aj i^j^jll 1 4^J_Jj_>J ! 

3 J ^_>.jJLl 4_j_a jjj_>J I LjjL>J! L_A j JU-___<g CjLlJ_jj_JI y Ij i,j__sjLjJLl ^jjC JuljJI 

cj! i^_tj_JI (ji tS^ 4 f --M jj/Jo (j-- (J-^jLJU (__JI L^jIj ^UojtJI (__Ji_ ____ 

)4 , nrt*i (j^Jj U (j-« (_-jLj -* 
Li>.1j_>. (j___lit_J__l i4_5-j\__i jLjj-wL j-L_J 5j-jjII 4jL__j1 J-u-Ij (jj___jj_fc. (j_U 
(_____*_ (__jJI _ 4j_4jJj_>JI 4j1_*_1 (jl JL-*»J-1 (4--JL-J1 jL_Jl (_-J->( (___} (ji-____uJLl (j_Q 
j_xj 4 injj_jJI (j_J ^j— 3cj Lx-« . j-LLa-aJI (_____. (j-4 i"i<i1 JL__ _ CjI irtjj-Jl 
(j__oL-JLl (j-a ^U__»JI (j---u (_-Jj Cj*L_>. 1 $ Y\\ t(jl_ I <i _t Intll (_---- L_>j I m <i 
4^jjj_>Jl 4ul>JI Cj_>j_>. (jj_> _JJjJ ILgJ i U U V a J 3jj_____uo 4j3j1 ino i I (j i mi*i 

i(j:jL>JI j-jJI jLu (__ia Lg__- -Ju c__Ul ^j * jJLJI (jrij i o n (jgjl flUII i nll (j-« 

___ Jjj-i-J (j-ojJ -iUj <~'l» *4 JlBj t(j_aj_JLl (j__; 1j__l_-_> JLt-jj j_ii1j_A (__JI OjJ_L___j 
4l ir-ijj->JI (jj-S-JJ g-t___Jlj JLuLjJI <j__ 4_j_3 <\-r p (___-J (j_U t IjLjl j-jJI JJ-3&J 
<_-J_ jtVm (___JI bjL>Jl (j-4 L__ jj tl (jl_LajJI ___> -r jl Ojljl L$j__* t 4_JjVl 
_-_5 j-5t-jj d-Juojjj_>JI 4_jI>JI 1 <i ij ij .3l_j_>J1 j_l__- J» nl --Jj s-JJ L_bjjJ (JJ-Jj 
(j__j_j LgJLo (_- 5 iJ (jl (_j »j jUtl (j_o 4jL_. *_Oj-_J1 ^cj -f irwll j__ I "1 s&j j-jJI jj_3tJ 

j__j i jl___>JLj ^LL-jJI (_____ (jjl J_-__j -__j_uj UU4 (j-jJIj ^jJL 4'ij .Via L>L>JI 
4_l c__j--JI ja Ijlaj (L^j cjj *i*; 1 y_a Niche 4__jl_a 5K ..n ^lUtll (_____ ^ jl>J 

(_--__i (j-4 4 j a jjj_>J! 2ui_>J! ^ ______>. I ^j (j rtj 1 1, 1 "Uljjj .^1 Tri»ll (____j (___5 L_>Jl_>j 

.jJLj___II jJb (j ri j 1 1 1 Jj 1 L->ji V ir> g (juijJ (_j S-Jl (jl (^---^ JjJ J J-J--^l J^- '^-1 ht!l 
jA - (jj^JI (jjl__JI JLj-_-w (_--5 i?j--_Cl Laj _ ^jL>JLl (_-_>. jJjj_JI lJ_L__JVI I j-Aj 
1j_Ll_iJ i4 i>>JjjJl 1 ilu-a jj_ ^L__j_JI (__-__ (jj Jj-SjJ J 7- » JJ jj 1 11 *tj>- Jj»->- (J^ jJ! 
(_-JjVl 4l-rjl\ jJalj jL_-j Ldsjjtei la_C L__jt 4-r j'ntl aJJt (_-__j (jjJI jj- 4jV 4J 
Jl> j L*£> ((j___uJLl L-bj, V i^a 4jj0jjj_> 4 jr _L>. 4_j1>- _JL__b (jl ^-Jbj ( Y * * t |_>L_JI 
4-___ujjJ| J-Lljj 4 jUr f*a]__ZL) JjVl ^j-cj l__j_w ((jJa-uJLIj ^L__jJ1 (____!» jrLJ 4_5jLc 

(j_- 3jl ri" 1 n VI 1 i 0 j I Juj . ) ( j__-uJLl (j-« L^j__ ^j-itJ _j_d J_T (___5 (__j-_Jl j_o 

(jjs ^jJtJ (_-jJI (4_j^jjj_>J1 2uL>JI Jl_-L_ j I (j-V4J j j-->JLI (j---- (4__u1jjJ1 ^ JL_b 

4 0 j I 1 n 4 tr*>JJJ (_-JJ (J-_L_>- < U 1 11J (__J_ L-$Jj__fcJ ((jr>j 1 ol I (_^jl_4__JI -r U 1 11 II 
(-c-l__-l!1 4_Lol_£» l_jLj__ujj ^LjjJ (jr- p^jLJLl J mi 4 ^jA__ 1 i 0 J JL_3 I J-iJ i4-r i>>Lj 

.(j-uJ1 (___ ^_uajJJ 4_s_j_j (jJajLJLI ^_>r, 4 K _- 4 ^.JuC t . 1 1 »" 1 1 Luajlj 


Kitai Kim^lj^ Kevin Eggan (jL_jl ugnj< j£J_ jjLsjLa 4___-iL>. Js^ 
_-JI 4__JjVl 4 ■ ...'«^tl L>L_->J1 cJj^J 4__U ^jJI r,.r, ,„11 3jj_*J1 ^ 
^lj_.| I ^i^lj l£j->-' _--J' tEmbryoid bodies 4___>,Vl 4 j , r lt ^\ ,„^Vl 
Y 5jlL r,in ,,iU 4_LvVl 5 $_u u, ^\ ,,.^Vl ^LSj 3j___ 4J_I_.L LL_fij iL}L>JI 

4_^jjj-_>JI Lj^L—^JI Jjj) *** "il 4 j ,„LLa j_*jj J-al j c 4j_Li-oj £-A V ^JJ 

4 j.<m> L}L_>. ^l _ 4-JjVl 4 j,,,;^!! Lj}L>Jl _y» 1 irtjt Cj*U- ___JI _ 4 jni^TI 
j_* (j_vJ 4_jj_La CjLIj j -w (_-1c )l J_t__iJLj . j-___>J! ___3 LgJj-C (j^ oj 4jj_£>j 

^«jIjjJI i_gj**< ~» <J I ^ljljsl <_jj_v 4____u^J1 4u C-j in-- I <i u -_* 4-1 JUj )(JjjJI (jjj 
. ^jl , ii (j^__4- (_£l <4 ojl i ii 4 1 1 ri V a 4_lL>- l___3___jj Lq_5-Lo J_J 

Follicular aspirate W p--W$-Jt J__aJt £l_l_* 4_jtf _*JI _«__tt 

£_>L ji Heng BC jj___> jJ! 3jL_u 4_lj-j__JI 5jj_-1 i * , „ 4__t-4__> <____ ^jji^L jl>j 
Immature 4_*___»LJI j_uL 4 j,n jill _j^L-_-j^>JL 1 iir jj_L ^-L-aj^JI J__L_JI 
I $ jll ^-illj ,4^j-_> L>L_- (__JJ 1 o-^l ^LLu_ ___J1 ovarian follicles 

lj — 3e ijj .__)}! l___jj ssJI JL> J >u 3jl cl \c (j_— jI ±11 3j_l a c £>jJ 

uj->Jlj LpJJ oj£U 4_^_ol_JI j_u_ 4_j____lJLI 4l,n^_>JI ^ Granulosa 4nU;~ 

La _-_. (_-_______, ___JI <4__j, i i ny 4 j a JJj^» L_j5L>. j— «Vl 4 nj (_-___ (______ L*>L_*J 

I 7- aLjj (____* 5jJL__JLI l_J ll 0*1 LajjJlj (_-_JI *4_^jjj__>JI 4 j r ju>J I L}L>Jl juu 

tlLLi ^c^jL-u _-J_- Ij,\ ^ imi ,„lj i4-xL__ 4 jrJL>. LM_i- ^-Jl 3jj_jJI Ir ^lj^JI 

, ^ " ) *>L_)j__ijjjjJI dj____- (j-ajLja (___i _>jJL>-j L4J 


2-UUt ««cteJt ^41 _*_» ^tM-riU ^msJI fMc 

4 -r- ,,/)! 4j i-,in ,„ - B £> \ U",,„l 4_>l 0 < ",>j^jj ^rUjjj! JLfl Y * • "l Jjjjl ^ 
(j-t-- (_,-- jl £jLJI (J^ La -»j__i__ ___9 3, Vj, 11 j_4j La___jL_-l 4__*___u1 l_jJ_>.I «lJ_ '^J. fl lV° 
SjjjJI 1 1 ir «"iiUiiil j! (j-ul_JI (j-Lu (____ 3, t j , „ j_fl j__v*_/lj t4jj 1 __J! SjjjJl i_ ju 
. LiUju 4___dL_>. oL>JL_t_4 Julj 4 1 njjJI (_-J-C U-4_-a J 1 ^ t j jl ^l U"i , „1 t4jj ^ m,II 
L^jl JL-5 (_y-Jlj >(jnjjU -r j < (_-_£* 4JJLJI 4-^_i_>JI ^jrtj il,l 4_jL>- -1j>-jJ U-Jj Ijcj 
4-iJL 4 jr 't L>L_>. (j-A Jj t L_jljJL-_Jl SjJL-L-U 4-iJL 4 if ,.K L>L-. J-JaJ, i;„ l( il 

j-^i_L_4 jjo L>L__> ____>.! (j_* (j^l_-LJI (j__Uj U-fl iTotipotent _j!j_jl___JI *±AS 


jj-_« ^jj^ 


Primary follicle"L_JjVI 41.^ ^Tl JJ__>.J jJ _ I . r *fr 1 1 *_J (jH-Jl 3jL_ J L*JI 

- <j--JI 1 (g o 1 <"n <. 1 1 mu L^-La 4__>_sLJI 4_a__jj_JI < tit <nl 4_?r j "i \ j I [ ^ i>m j g i 
j^a L-Loj Jl-3 (j^j l_L! Jjj , 4 in^j-JI » 1 Ur I | $ j >>-J j j " *s 1 1 (_--* 1 ^ll . T, . ..I 
4_u_jjj (j-o ^,31 4jV i LuljJ L^J (j^L___>a J____ <jr--- 3 ij mll Jj ir>-- Jj*_?l ^jilji n 
*(_-__Jlj i(Jj__-1 5, V j , u jje 1 g jlr Jj -kJL LjjjJtj LjjIjj 4-aJUt_c <"r r n jTj * -£i_o 
4-^Ll-_1! -jjln^ll 0>l_L5_Uj (_---L_ll .Uriill 4 K n, a j^s l__j_>JI ^JLC jj_ ^L-JI 
<jl (jSL-u l_j1j-L__JI 4laL_T 4jr JjJI jni JJ L}L>. (jl (^< m^j^jj JL_kj LjJ- ,l_U jj 

,( Yn ) 4 ,„n't (j__jjil <y_ Degenerative diseases 4J>LtjVI (_p_l j_«Vl ^Lu 

t 0t <\ (_-j_>Lj (j_o 4__ j. o -r a ^L>o ^jjc 4 j'< -g_> 4_£)jj l_jj-__u Y • * *\ j->La ^y^j 
4jr Jl>JI L^LskJI Jjjjkj (_--£ ^4--.L>o i4_uUVl j_3__uj___ 4jujL*j jl____VI 4jIjJ 

4 jIm.Lu L^L_>. ^l Adult bone marrow stem cell ^IU.II iJJLJI 

4-j-C j. ^Tl 4— JisJl 4j ^Jt o *m Lo IjU j , nl <ji_-. c-Ujj t Male germ cells 4jj-5o 
Lo j| 4j*m IgJl 4 j 7\ i U 1 1 j_> I j_>J I L-bjj i iK*> (jr^J * L^j 3juj__ 3j JLB ^j^o 4jJLJI 

4 jl^llj 4 jlr„LoJI L>L_iJI (j.4 ^L^ (jl ^iij (__J_.j .4jjjdj| 2Lj_j-oi_Jtj l__ j_»j 

\ 6 ■ " ^ 1 4-_ujjj>JI 4 jUll (__JJ jl j o " n ^LL-jJI ^yi-j (j_a 4__lC JL_>JI 
(jp-J (j^o 4_JJLjJI 4_lcLlj>JI Lj>L_>JI JjJ->u jl-LoJ (j-o JL-u ^ 4JL- t |-jjjjj-jl( 
(__J9 (Jj_L__ LcJ_j Jj_5 (j_o Ll_jX. Lo__ i(Jj_>.1 4j m*> 4 n iU njl L^L>- ^_JJ U t II 

• ^ ^ ^ J j_|____xJ I 4___Li 

Itialt sUc 4M#^_lj_Mf ^c^lt bU__b «_mmi UMi» |ttMi-if 

^jjL_>JI m;jj-JI Lee D. R m;j (_-J jj-__-_»jJI (ji*_ 4 j -^ll ^j (j-o 

4jj5> j L^L_w (^-i-l Jjj____>JI (j_a Jj---t (j-ii L_JLi jj^jj 4_«_>ol_>. (___) (_j*W ill 4__tJj_9ij 

Male germ stem cell-like cells 4JJLJI 4j_«jj jj>JI 4__^j_j>JI L!>L>JI 4 i ,Vi 

^l_l___cj (_____, 4jjJL__ ^JL-C (j-jLju (j__jj-^o 4 i 1^1 \ 4 mt! (jjs (GSC-LC) 

< t rj r l-_j ...j g-iG (___JI iNon-obstructive azoospermia 4jj-Lo oUIj j ^ 

(_-j_j L*>L>JI ttJJb Luj_x1 l_JJ j JUu . 4 j" j m^. (^yj. 1 jnl^ Ijli \ --ul (j-__Jj (_-JJJ>- 
(_-jJIj i4jj_^j 4 j r .u">- L^L>- (^JI jjLojj (___* L-^j_>.jj (j?j^>- 4-___L>. 4_ul juc "Ljjj 


J^ (J^jlj^ 


£jjJ1 <jSJo La_- 3l_>1 in CjJlj- jLj_L> _M 4j4-u5 4 <r>JJJ ^-Jl C-j-oj-C. jri_- 

* j i "i ^ 1 1 ^ya 1_$>.L__I jj» t^tj iU JS_Jij 4jj_Lq cjLIj_j_- ^LijJ (^yic j_L_J1 j-j^- 

t ( nT ) ^L>JV1 ^-ic SjjlLLI j-aj 

Precursorcells (*____ I 4-1$*' L^lf 

4jL>JI jja - Jj___>JI jja j __£i jjjjLLjjJ gl olr j-_*J Y * * 0 j»L_JI <___ 

jl Lji_ Llj_p* Jl_j La -* im~ us j£\ 5LjJjV| L*}L>JI ^yk. - 4i'ni>ll 4_^j_>JI 
(jryoj^L)! 4 w«nj_Jlj j4j >J1 ^jJX, Jj m -».11 jjfl ^ i n "i i n a \ i K 4J Lo jj-J . 4 i^jjj 
Jj>-jJ1 ^yjj jg j« j iUII I n gjjlSLo jja ^jjijJj j_LL>JI J-**1- ___! ^o-L-JI £>vLJ 

^^lc _iij___JI jl-Lal *£-Li_II aJJb *1jj jjfl 4-*jj_i_J1 J_i1j_Jl jjflj . StjJLl t'n \\ flj 

3^LLaVI JJ t j!n*"f i nj V JLkjJI (ji-JUJ Cj! 1 J i iJl (J-t-*J J», >>1 ^yjJl C-jl l mV| 

jjSJ J_3 (jjJI i U *±iU JiAj ljUojLI 4joj}U1 4jL.,LHJI L}L>JI jl jjj^j 

. \ jjinl jjj Jj->J 4 U j in ,1 1 4 *i jjtl ___i 4_«L__« jl j_4 j| 4jjL_ jIjji jjjvj t n mi 
Cj1j-iu>J1 j Cj1jLj_JI CjI \iia Jjja 4jjLjj*j-JI CjIjjUI jf j*j__LJ1 (jH-ULJ JL>.j JL__ 
(^LLjJI J_-lj_ja j j i ii J_3j__j i Cj L j___j_$J I _>---J L-jJ J i ii n <____ 4j1 mi"i" ^-lll 
iSj-jJ- jM L$1_-1j-_ ___ L__»j_u__v *4 irnj-JI jl j_4-J->J1 jjjS-J 4__jMJl 4 j i j i U 1 1 
(_j3 (j_-w_jj (_£ jJI j-* Vl t^jl i nj ^L J^ __j 1 o^ijjSo 4 jU r Jl_j__i___1 ^J-4J dJJ jjj 
. (j^M ill j? 4_j____>J1 < <j u_u jLLaj i u (^Js jt i^JLc j? t4__j ili 4 JLjJ1j_4 J-Li» 
4_jJ_>JI (jA 4 injj-Jlj j_4-J_>JI ^-ic Jj_i___>JI jjfl j^_L_-LJI j_w4J J-jl j-3 _yflj 

_l___i Harry Moore jjji ^jL_ i <j ilntl Jjoj L*£ tj_uL>J I ^yi) 4j_j1>JI 4_u_ j_>JI 
Ji-lj__ 4__,ljJ __J_ JM_- jjs jS_CJ 4jI itfj_3_j U 4__UiL llrtju. 4___aLa_j jjISJJI 
i—_J_3jJ1 ^yJL-JLj i jLuijyi (__fl 4_i____>Jlj (j n j 1 1, 1 jjjSo (^ ljL>. 5j^ i U ^-jsLjJI 
j-__>l jj« ^Jj- _ijj_Jlj t 4_L__uL_JI LMJtU ^tjiUll jjj__JI L^j ^LLj ^_JI 4_JV1 __!_; 

,-_iL__JL1 4j1.„L-JI LM_-JL L^jL-Loj JL>J1 

itijiiit a-J-Ji MtfUt ^t j^___ji u^s 

^\c. >Uii *^ (jj-J Jj_j___>JI jj_L_-LJl U" < »1 4 j iji>- 4 j r \ -w Lj^L_>. (jja 

L*>L_>JI u lr Jj_____>JI (jjo IjjSLaj L__uf i^t «4j_v 111 >Jl L^L_>JI ^j ^ >• 
Ijj-Tl_j ^ Oct-4 ^ntill JjjLc Ijjc.\V"i„I _l_Jj t (TU) Germ cells __J__,Li_JI 


jj_« ^JvJ-* 


JUlj LAj4>»j (^jJI t3jjLx>__ll j^cj 4 o i ii ni 1,1 4_j____*JI L^L>JI (^J-C fQ-jJj in^ <j_a 
ir^i ■ La[j 4___ujj LoLki t 4-J_ -Lu L^L>- ^j^a (jj t u U ^ji o "n (_«£J _JJ j 

jl ^ltrninl ajl Hans Scholer jJj£Ll_ jjL__ j£t .4 j<jj^aVl Lul .JuuJj LtaU 

4 jU r j! JL_y tjL__l 4 jni^II 4 j r , j >J I L^L_>JI 4 «>ijj_jJI ____ J 

. 7" M ^J _) 0 j*T I LgjLuX>.l 

Endometrium J\ Ul_U U_I1 

JL>.jj 4 j r <-ii>Jl _jl jj£jJu ^jajJIjJ-ljjSM jry>.LJI j-^jtj tju (J__jJL 

Endometrium^. g < uj Lo ji ^jJI 4_LL=uj *5jjL^ *jji>. oUL____-1 jj>.jj __u_- 

^L» ^yjS i_JLi_j_>.l J_J <j->j t "n ^yjJI a . ^iiiii nj mi rtnl i~ i iil-- 4 iiUifl * 

j ^mi J£j ^jj J£ j_u}U-j L^Lw jl_-_> L^ l_jjl-*j ___.! __aj t_-i>-1-_]l ^jJI 

Jp- tS*°> I jJ 1 1 L__> SjLelj j-L__JI (j*a L^jjwL-^j Lo -__J t 4jj fl ni 1 1 SjjjJI cljj>- _>_a 

-La__jl>- L^Lk L_jj i4 o mi nil I L>L>JI SjljJlJu 4____Lo L^j! I <jjlr Jj-HI 

__Jj Jj->uj 4_ldL>. CjI j jjj iii - <___i C-jJj inlij l_£L__>J1 *jufe Jl_>jj .^ ti0 ) 4_iJL 
4 K o J->- ^jSLaj ^j (j_4j 1 1 fl*i < mt Luljj 4_ajLLjj J-jJ^JL (jj_u iCj\ irijjj 
CjLI g "itlj jLLaj i j "rM-C _____J g_j__jJjl aJ & l j n"i 1 u_ut . 1 — £J jJ ^ n tll 

. La^j ^jJI 


*__*_* uu» *t u^LmIi uu_y t j**-Ji 

c_Bj___ I ^ j a (__jJI f 4 jj jj^ 4 j r JL_>> LjL_>> ^-J-^ (jj " ^l—JI Jj_-_st_j ___J 
^jj ii"n jjjsj__j ^jL- ■ tll ^^L-J 4_> j I ln 1 1 4_j_l_J_>J! L^L>Jl ^-ic jji-___*j 
4_ii>. jya 4jjIjj 3jL_u L^jjJ imnj ^aj t ^-J I j jJ I Lg-o^LL j--» L^jIjj ^jj- 4-l__jjj 
4jjJ_w 4_j_l>. ^jSLlIj <^JL*JI {jjt 4_>i_c _y>-^J jJI (j-aJj-^JJ 4j>1»"> 

4_uLx>jSj 4jjI j_c jl jJI (j_-J _ _>aj->J V - 3JUJL>JI 4aL>Jl aJJh ^jJlj t4_iJL 
qj* )(j-U>- (j-JI L#j (j-^jjJ ^l mi n )\ 4 jl of Ji~J__ l^lt >o 4jj_jj-^_T l_jL«JU_>j 

jjj_> __Ja j-Aj 4_3l — j — >. (j-a lj — >. e>j<l i U _-JjVl ^LVl ^.Jaj u^-J_>JI L_a 

^-jJI t4 jiji^ll 4^j->Jl 4_iL>JI J-jWLjj LjJuI j_4jJj jJ__j BlaStOCySt 4-4JJ 

*\ ttWII j*C o " j ( ,i 4_1jj1_JI d-L^jj . 4 jl miLj L5L>. ^.JJ j_i__>dl L^Jj-stj c_flj__ 

i>JUb £jl jjJo-LJI JL>-J jj-J »_j 4J->JI jl 4___oj_JL ^j "i d (j__ ( _ i se j 1 1 ^ JLC (jjs 


JJ^ ^J^» 


Juu L-oj i4 jl V 1 ' <^ j__u j_a jj£_J I l^-j-ij-JI (__l3 j^jjlj jAj <( . iif L4I 4__jjJ_J! 
I 0 1 1 t j 1 "1 «s 1 1 ^,^9 4_l_^L>. Cj I j n -r a j jl jl 4j I m (j__jjJtt -Ijj (j__j_-J 

jjL ^-Jl jjjuj ^jI i<Vmj i Reprogramming4_a_>»j_JI SjLcL U l_-j_>_) 

(*4-J*J>- ^ jJI j_a jM .4 j ijl7.ll 4_j_jC. JU>JI 4 jl^slL Lijjy L_4 jl j£j--4 \ 

l ĕ^3i «jiK J^ i"i 1 Cj$:L>. 4 j m 4 j c 1 4 jl-- _)-C ("i~r M jj Jjju 

,( 4 irnjJ jl «_j ij"*»» __, U «" j-i->-U 
t( _,0 *m -* 4_jJ_}L_>Jj 4_jJjj __)VjL-__j j j ""t <__j___ J^>___JI ^ Ju- jl JL_u 

L$J}L-- _ya _--J1 i4jtjiUTI 4_bjJ_J1 _-4Li> ^rtill ^MjJ L_-l_i_JVI I ju. jj__I jJI 
J>J_ L»! V L___>-VI 

jrJL>J1 L-K ^-kj < j 1 " ^kI I ^ jL__> _"l 4jj-J! ____ jjjl_j Jal ____: jl ^jJI 

Ll 3jj__£jJ1 Jj-_J L_*_>j jl 1 riL-JI jl^stl j J_-___4 Lgjt 5!j_-ilj) J->J -_!___> 

jj J jjU^ cjL jj.VI jl jjuJ ^ ^JL^yi ijKH (^Anna Smajdor jjjU__ 

4j.1 111 ^ill aL^Li- (jj-^i Lv° ^-"^i^ 1 u^+J u' J^J-"' j_jk"i "0 4_Ljj__JI jJl^j 4jI 

<>a (j^uJiLI (jSLw ^jJI j-*Vl U(j <\ j >» ^-L-aj jl ^jU"< l_j Sijil I j-ij i4__JLJI 
La j^j ^Lulji (*^J _jj2jL__* JL-lai ^ ojSl» Lesbian *L___Jlj Gay JL>.jJI 

(4_uJI ^rM-C ___> 4 jr ') -sJI 4_J_»JI ^ljL-t_L_ul ^jJL>> j_i 3j_j_L__- oVjL--j t^-Jsj 

jl Ljl_*_4 jj__j Jaj SL^al \ V" 1 i.L LjJjjj L_a}L_w| (J--Vl ^__ j_aj iJ____JI I 

JSJajUJI ^J&yC jjjJI 3 CjI_l_^L-^L Luj_-_> Jl_ j^So jl JUu JLoLl ^-Lc J-t___tJ 
ji JLaj ^-->jjju IjJjlj ^ySJ (jjj jm miII 4JL>jJj jjji] j^sVl I JU_ _Jj_i_ ^j-tiia I jJ 
.^J l^U 1 _jj (jl jj J-ALv LjJjL- (_jJI 4jj4_jJI 4-ojL-11 I Jll>> I j (j rt"n 
jj_o JLfl (j^jJI * jljj_>JI ^cJLc (_y3 < M"Vj j-«Vl jl ^-Jl jJ-JJI (-U__j (j! L_J JbVj 
■ frljoj<llj 4tjiUllj L>jJjjjJ1 (julj- Jj> l_jL_L__JVI tf j__ J^ (jja JjVl Ju-lLl-JI 
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$-_A t^* V <J— 1\ 
*i_4\>V^ 

I j j t ^ Uj-^>- jil-La j of ^j-B 1 "q l___*-L-__> <_-J 

4 ~-fal ^jJI ^ ,m 11 j_*j i4_L^/lj j t , m 4-a, V 5 d ^ 

_j-_*___ \ 7i a ^ i "wLlo j I j ) LaL-u 

^Ijj * lj jU^. Lllc iL-tl j miII j ju-o (____ jjfcj 1 1 j ^-i a 
Jlj--- , \ & "i -vlj iJ->Jl (j-c (jJLiAj L-_- Jt 

tjJjl U.H (jJI L--__j>j '(j^"' >JU j j rj jn" ^»t,l 
4_i ^jl Juj 0jJt-~j 4_i ( " i j Lj La jJ JL~cj (jl u t M r 
^JI 4*m jm rt j*S i nj ^lj Jj ti U I j_A ^j.ijI . 4 ijr 
j_*j t Jij <i t, I ^j i jJ J--. (j__ ^JL-i-ujj (j-oLUl J_» 
J__j ^-^a « rtrt Vj (____-. *L_£ju t <i £j_<U 'v 1 n 

: 4 i n n i (juj 4_Lij J^L___jj .4 miii -^Jj-, 4 j j r 
(j-oUl jJ-l__j Vj (j-uL jjL__o IjULj IS^-J I j_jfc »— iJl=- 
L-bj t ni dlj-ll J n n"> V I jLL Jj 5 jjj jl _t (jjj-J-.T 
(jl ^J-C (_-"-*-■ jL-ouJ Jioj SJ_wj_U L_JjL__--J I «i ^ 
j^_5 I jJ t^j n '7-JL JajJj-4 ( . < j i iu ^JJJ 4_L*£Sj-a 

j,Uj V UJjj 4JL_ul JL_wjJI (ju-ls- j<?Uj 


j^a 4__5jl a 3; ,h *1 J^__>J1 

w_y>ii 


( t <j iU jjl j_* juj i ljL>- 4 4fJL- 4 K in -> (^oIjJI j t <~i JL___ 4 K i"i a jl jJ-IjJIj 
(jj---i cj t inll jl JL_____ £jL__ JjL_>- 4_^JL_2JI j a ^ 4_jJlUJI (j->lj-_flVl 
i fl A 4 _ ts->j£ \$ c lVn nlj ) j-g-JI (j-«j_*L>- Cjjjj ^j < i<l <\ "itl jj-AJ j-a LaejJ-a 
4 ii1"V a c__jLj £j*L_J1 jjJ^J i <^r-'- Jf> j_iJlj j->j_J1j . j t <*iill Jsj n < n £*M__- ,____ 
\ j > jJj J 1 1 <__--- L_>j t j j i ^ j L-_- I j oL ^jJiJj-^Jt < < -L-l 1 J 4(ji n> I ,4 r. L-Lj 
^ JL_w) Lj_s*_i_4jj ti t nnn jJ <_--JI L_jlj—_-l jjjSLo (j-o j<^> t > j__ ^LjJJI ilnj o*I 
LgJ- *4 n j n v -_1__-Vl > vLua ^L>» jc_i-jl__1 J-B ^j-JL__ »4 t n j n *JI LbjjJ 
V _ 1 "JJD j> 1 '"N ^->L_jjl <jl£L«J L_±J gJ tl i rJl j_ia <>j_j___j 4_jJJ *-S)jj ^Ljj^I 

j^aVl l.l V MM, fl 4JJL_j ^i-J (jL_> JL__S i^fl iil Lft ^l t I lr~J1 ^jj» _*J Jt^ (jjL___J ^Jj 

4j_j1j 5 j,>tA- *1jj ta _>J| 4_eL_>JI *1 j__a____aJ1 (-, n" ( nj< jj , 4j L_*Ji___ V I Jlt-. (__JJ 
jl t j ^ 1 ^" -n*i pIj__5_-j-__J1 jl ^j JJ V j-£_ki ^ i ^L__> jj _\ t -j !5*La jjJ j_c 
<-_!! j 5(_£ JL-4J---J1 1 Q j ioLo j_-> ^l i n i" 1 1 g ni j i j j-o «Un4 JLJjJ i(Jj_>*J jL_$j*_M 

I o ^ J-*JI *Lwj .jj_j?jJ1 L*}L_>. j^j_____Jllj ^j-_j_>JI (____ jj "i i 1, 1 (_-_-_-U1 

t»j ii miH 4l j-rl i iia (j_o1j_jaVl j_a JUJU-Jl ^>L-J Jjn"i mll ^--3 LojIj ^t-j <n 

L-4_l ^IjJIj t 4 j r j-_>J1 4_jL>J1 j_b _j____l_>JLj »Ij i^>11 (3___u (jjJI ^UUa 
j»LjVl j *r ___. j^Jj>J! j_- La_u_wl_ ^-lll 4 j m i^H 4 jr j 7.H 4 j I^JI r«..ijl 
IjuJLpo u n i mj Lo j? *4__JLjJI 4^j_>Jl 4_J_>J1 L$__£Jj <L-j__j _-JjVl 4-___-j->J1 

^lj iHair follicle stem cells 4 jr ,'v >JI 3j « __J1 j-o-_f j! l_»1 j-_>. 4 jl^ 

u \<r. 4 jj jj >J1 4 jr j__>JI 4jL>JI 4 i n 4-La L^j ^j Ul i _j SjJ t"i- CjIjJlJ i f \\" <t*i 

5j, \ n a jj^j Ijjj ^ Y1V ^ Pluripotent cjIjjl-_J1 3j_-_Ij L>L>JI 4^LU_-j ^Jl j__l 

t 4 .r> .r->V;U L>L>JI (j_a JLjJuJI ^L--__J ^-i-i j t.Ul 4JJLJI 4_^--_>JI 4-JiJl 
4j__ j_>JI Lj*L>Jl L&J jjon ^--Jl 4_jjJlUI 4-i___ ^JJ 5jUJL>- 4n.n C__-L__l JL_ 
jya c_)j "1 cri > !r> n 4 ^j-u-J I ^ " 1 , 7. 1 i 1*4 LjJ^ 4ii .r> (___-> J i4 7- 1 n )Vl Jf> (____ 4_-JLJI 
Ja-aJ_ (jnjl i 1jlV) l-JJ jj . 1 ^jtr ^jl-ljjj Jj 4_j_Lj_L>JI 4jr '\ ~*\\ 4_±L>J| (j^j-c 
JL-C 4_j-c___a 4 K i*ii a Jij->- j ^ J-__ (___!! >Urt4 ^j-i-J j * L^ jlr Jj__-_>J1 4Jj_^__j ^-Jl 
j^___>J1 J____ ^-J) 4-_>.L__>J| ^JLjlJ _ ^11 J-Aj - I trti] j)5vJj tl g al J V "1 1 nl 
x_4___jj ^-^J j . 4jiji7.il 4_uC _JL>JI 4jJ_>JI j_o J_l3 (j_a I fU'4 L_* l^jlr Jj i^^ll 
( Y * jSL_-J1)cUj ,,, .11 JI-JJI 1 JLA ^-JJ jj^ (jl LaLcl 4jJmJI 

. 5j t __JI <_ i J^jJ ^C-UOJJ (j^jJI 


jSCj*-l jj_- ^jl^ 


djJJbJI <jaIja\JI9 £l__!l gUc^ d-LtSjJI -olaJ I 


3j_*__J1 



4_j_i_kJi Bulge area £\ n ^ 4 s_v,« jr__^j_Sj » ,7,n v _, «Tj-^^j^t») J.*,tji 


Hair foIIicte stem cells » j-iil *d\ j*i ^i_fcif 4*_f_U 

LJI jJb ijL3 4_j__ j_>Jl 3j t Mi H <_>Ijj>- 4j_L>- Jj^-J eJ3jX. ^j-A Jjl _)_* 

LjliI rtliiiW 4 t aL^-j u ~< -r iU 4__jj__j George Cotsarelis j jljjL__oft_» £jj-^ 
l-j! j^>. Bulge area 4 y 4 nUHl jl_>.jj" L>L_>. t 4_j< j>-*Vl 

L>M->- _>A JLjJ-jlU ;4 j r ju>Jl 3j t i_JI ujIj__>. 4_A>. (___L_*_j ^j-^o <_y_Jl *3j t miII 

. (nA) 4_^j_>J1 u^UJ \A± 3 *4j,L«i_JI 4^i_j_>J1 kA±J[£ 4 4_a_cj^>J! jJL>JI 

t5jt intl l_j!j^> ^jJj^J SjLlJ ^jj- 4Jjj miU __A 5jt mJI l_jIj_*ij 4-j_; JL>JI 4-_iL>JIj 

(j-U-Jj J J I ilj J-*l I fl jlr Jj_U_->J! (jt L«_> »<__lj_«J Cjlj^O 5j t Hl II ^j^J^J fU (JJ9J 

j i" ^ II <___ p i ii n i*ij j 4 T> _r^J t(_£j_>. _*l 4 j f ,*1 ->i 1 1 Lj_>JI _ya Lfe j, j t ^ I j t i ^> 
_,lii i nTI tfj^>Jl (j--J-A_u _r-** Sjt mJI t_jlj_>J 4 >f J->JI 5uL>J| Jq t"j. , lj y J£ m,j 

Dermal papilla4j_JL>J1 4 « jKU _>| tJojS mtij o>*ll IjIjuLL-_«I e-LH*- 1 

4 nUiU ^jwo e_ij___J j-ojjj _ 3j t miTI 4j, I tll 4_j|j_^ J_4JU (___!! _ 2>j t jJL 4lnj^U 


4jJlL>JI "*L-xJ_>J1 jj _j * 4 j r Jl->J 1 L}L>JL 5ejI c Uj -_i1j_>J1 5 V n " i U 

4-JX. JU>JI 5j t mi H JL4-C. ji t_j(j^>- L>L_-. Ja-_KJ U_jljL_jL£ J_4_-J 4 jMj fl J*N _i|j_A 

((ji-AjiLI *- Mfrj-H I $ y alj^j >j-*jj <1 ^j-u __ c-ujj Hair follicle stem cells 

LjLi- Cjjjq <jl La_C t L^-JJ 4_>-L>Jl ^jl-La (\j 3j -r ^jll t^-l 1 n *i *i _M J-5-J 4 -r Yi j 
4 j1-*n1I jj-a JJ-ll < JUl 4-Jttj^ 4-_>jL-_> 3jL__l L_t__jl J tj 4oj l ntl 3j t t'"t,\\ 
^-Jl _ Jj__ ^jja L_a1c 1 . Laj 4 c 4 jf ju>Jl LjL>Jl ^____Jjj *3j_____lJ 4 jr JL>JI 
JJL-*o L4JI _£i . 4 j c \ y L}L_-. _£l * LaU- L4J (JJ-U-* Jj -*l : Lj>L>J1 ^j* U_^j- 

jru 4 jU,.,jJI 4L>jil ___-j .Progenitor cells 4 j ,„;-_ LjLk ^LiJlj _ I ^ , ., ,V t 

*L_j . 4j . .m^JI L^LkJI ĕJJb 0 <-\iS\ V"" ^oj i4 1/1 r^tV"tl 4_iL>Jlj 4jr j >J1 4-iLkJI 

L^L> {ja^ i5j j-Ji L*}L>. ^jw* jt 4_*L>JI Lj*}L>. {ja L^jjLj 4 j^ljoj^ __i1jL__1 _-_£, 
Lj*L_- (_-Aj i5j t miII ^jjjSLjj p.L_J 4 <t o-Ul LjL_>JI ~^j o > _-J1 - 4_Sjl <n ^ (Jj-^t 

•_jJ*-jL>J1j ^-iiwljJI SjjtAJl jJu>* J-*-- Lj^L>j Sj____J1 jL-u 

5j < miTI LjL_>. _ju <_j1jLJlV1 J-____ 4__jj___J _j____^LjJ1 u\-^ Loj 1 r j 

- (j-_i_-LJI Jj__>o l__j__j i 1 m > 4-fljL_Jl 4 tjjU 4j_jj_v4J JlL>JI 4-4-L-J 4_4_-j_>JI 
(j_a L^_-_JJ 4 i->l ii JI 3j t i_JI c_i1j_>. LjL_>. *L_pJ 5 jL__1 (j_4 jj i< fl "j _ La Lojj 
(Jj__jJI __)lj-_>Jl Jjj_>*j ^jju Li_-jt p$ i^o"i 1 nj i JU JU> jj^a 5_j_>JI L_JI Lfc_-_5j_>a 

.^--ij-U ^ljJ^- ^-Jl ^o--e_>JI j jt 

... m ..>! Ken Washenik __L1 ij m.Ij^ jj"< <jJI JjL__- 4_j_u J^J-_jj 
.(j__jjJLI (j-«ij 5jj_s ^-3 1 0 i ii ">J L^Jjo jli_?jLJ 4JjLt_« ___5 5j t miTI (_j1j_>. LjLi. 

3j-4 4-a3_S 4_i__vLLo __tL_*__j (J-jIjJI 5jjii _-_J 4_jc _L>J1 LjvL>Jl _j_->o ij)V1j 
pL__Lu_JI (j^a (jjj_jj_> __lL__b (j! ^jjo ^j-jJI (jjlc • 4__jLa_l_-u1 i nn^ J_* t(jrpj-x jt 
1 JL_l>» ( 1 y j i nj |4_J (j__J_J1 (j£_J (J_3_J1 _p=jVl < _ 1 t n La-T j t rnll ^tj ' "jjj j*'l 

rrt V "1,1 (jLa j-Lc J-LiIjj . -dJj ^ < »■ _J1 ^l 0 UI1 ^J *j;>L-__J 

(jl U-C i^^Lull _-_& JJ---J1 *-^1jJ>J 4j_tj_>JI 4-iL>J1 ^i.l Vm.l (j-4 1jL>. (jj_-L__La 
ft L__t (__]_ l jj__-.LJ1 L^LL-u ^oJ 4-Lc 4_uj_-J1 L!vLa-iJ At,i -*J1 ,Un!j A__L_JL1 gKn.o 
(JjJo (j__ ( _ r -r j 1 1 JL^>. (j_a jj^H ^^jlr j__lj j-o! j-Aj t^jL_J1 (___5 L^jal J Vmil 
(jjj»l 1 n" j t^^U > 4 111 L-__jJ1 (___5 4j? L_w-i i Lr --__I1 1 Urtlll <- . j^' (j_4 ^J-LoJ 
__i1j->J 4 j r j-jJ 1 LjLjaJI (_-^9 jij n _____j JL___ i__Uj *ljj < i j __J1 _-_i OjJ^^JJ 

.4_£_-^Lai > _-ji 


'&j_JbJI __>!_>_• UI9 £Lu_JI gUcg &±£. _jd \'k 1 1 aJ I 


__lc 4_^j_>Jl 3jjluUI t_jljj> L>L>J 4_JLtJI SjJlUI __JI 4_JLc L j^JlI U£j 

((j-alj-a-M _yQ JUJLjJI £^Lc ^J tlH^J t4 m i <~\ V"it.l LjLrJl JUJLjJI g-1 Ur I 

l_>LVj]L jjLjj _)L__ <____ _ AntiCancer « j ,,<;< nU» 4__ Jta __L __j. _jrp_^LJ1 _)L_ 

^_$j| T * * 0 ^LjJI j iq i aJJ r_yA j ni f J__wL_]l ____ I jiicl _ 4 J<Jj-_a_'l 5.1 T "l U 
4jL__>_M 4___ 1j_iJL-v| JL_ 1 JJ_£ (<_JjL>iJ j l__J J__JI < i <n r £^L___1 (jjS I J____4J 
C__L_j tjt Mill l_jIj_v Qja 4 i^l V"i i ii U 4_^j__>J1 LjL>JL o j ) n t ,U r (jjc 

JjLtJ _)V1j , 4_xsJl9 __Lc 4_l_Ij 3j_4 (-J-Il j-_JI Laj , -I _;_>. 4 mi <Kt a 4 j" ttl 
_yj 3jjl__JI l_j!j_> _j_<j 4_i__j_>J| L}L>Jl _>__> 4-i_Lj_a_M 4__j__JI ^ya _)j___>LJ1 

i J 4 t" L__L|_> ljj_J ^JLdJl (_j! mr I ___< _Jj g-U L_lLt__L-l C_JjL_>J jl__ ____) _)L____jVl 

Degenerative 4_J>L^jVI u __l J _i»_'1 r>Lc ___. 4_U_ >JLI L_$_ijjl__ Ij_3j___Jj 
l-J-JL L_aj_tj l-4 Ull ___ ajjL_w £j_j_ LjjJ _)j£j 1 juj . 4_j_j____jJ1 j diseases 
4_^^>.Vlj Jj-M __j_>JI _)j< j , ,, (_;_JI t Regenerative medicine ^jujl*_JI 
,( V1V ) 3j t Mitl l_)1j_*- L^L> L_3j___>. t 4_^j_>J1 4-JJkJI ja 

_lft 4* >JI «__»_ &.*_» 4*f-» btt» 

__jjl>. ___ i^-jlj^.l jj-KjM 1 , 4__-Lfcj Elaine Fuchs juiji. _nlj] 4_c-LJI cjjSo 

JlUJI <____ 4_ti-_ 0_5j_C L$jl t Y * * * j*LJI jjLu V <__■ L_jjJ_tV 1 4< j m, _-__ j___j L4J 
j£__u 1 $ mi _u J-jA^J ____ L^jjJlB l_j_> (j_a 4_jX. J_>J1 4_jL>JI j-_s1 j_> (J-mLj t-i-laJ 

.jjuUI L^L>j 3j___J1 LjAiw L__j___>. t Ljj— j L^L>JI ^JjjI ^i- ^LL_c1j * 


UaJI tU$ «Ult sUc ^ f0iOl U_»4I JbJ-JI (0li__i.il 

4 i.lt">J1 ^bj ji--JI jr^Lc ___ ^jJJ 4____JI 4_lcj_>J1 4_j_L>JI _-jaj Vi ,nl L__ul 
1j in_w) mi i JjLj 4 t aL-> ____ _)j_L_-L ^jj jrp- iAlopecia ^LJI jl ^j__j-__J1 
(__cLi__JI ^jJI _^L__5j___ _-jLt_j LoLc i * _»j 0 r (j__jj_-j ___ ^jJJ 4 t \ i^ll Lj4_>J1 
;4_ii-.l (j_« L}L>JI £> j__ lli_jl>.Ij 4 Chronic myeloid leukemia (CML) _y»JJ>1 

(jij-jijJI ___ (_-J->- t_»J , 11 ^ht o __9 _*j t mi ___ 1 t n _ __jL*j (j_aJjJLl jLSj 
L^LSJl ^jj 4jUr _ya Lojj 00 _ i* Jljuj ^jI <tj<H ^^-jJJ 4_a- j""t i< . ,-wIjj>J1j 
l_-_>-1jj>JIj _ruJI jj<i >.j (j_> jJl 4 IiUifl ____ j t miII juw j_Lx_>Jl -__>■_* 4_xC j__>J1 
(j_L__JJ _____ (Jh-jJ i JljJl>. ^^Lc jJj-*j j____j (j^jJI j-a-*! i_>-_JjJL1 _>-/1j _-lcl __^J 


j_5j*>a _ 4 Aaul\ ^Ij _ 4_t ^j-^jJ__j (j-C_>.i_J1 Jj->- La i(JU-L__J1 4 iltMI pljJ ^j^Jj 
t M"i V t ^LaJI 4 i It*il1 *l jj 4 y j"'i j t -J1 Joj n i nj . ( U< ^ (j^J-* Lr^- cr^-Luo 
_>J JjVl .(jLl_j-_uJI £>Lc ^jl <i j<ll ^M-sJI ^Ll Vk.iI 4 -r jVt 4__jJl__ 
^j* j it- J ^ mi i 4_j_i #j_- -j-*J j t miII tjL_ _^LjJI ^-9 Lof t4____u ^jjo j t t_JI -JJU 
jt miII ij, L_. a (ii i ( i (j__>,l_J1 jji-Aj JLc J_ij . l£jL*j_JI £jL_Jl (jc ___3j-JI Jju 
4 nU U (j-S S_j-_>.jJU L}| kJI (j_J *^jl q j<H £>! — j_J1 JL-tu 3jj— _J1 ^-lc 

lL ,< m.j urpjjj L$jjJ iSj t mi II <-jl j^J 4jjSJLI L}L>JIj <Bulge cells n nV1 
j-«j SoLcl 4 jUr -cjj*ju_u (jj_ Jjj i.u tjOjjj jjbj iCaveolin -1 O - (jrJ jjJaLi)) 
<**m n_»jl o j^ 11 ^L-JI jl_j jl 2>j t miI 1 (_jtj i Ull j_j_JI cjVLw ^yij ^.ljj_u t Sj t m>II 
jl jjjI - (jjSL-u _ j-4_) Sj t miTI j^j J^Jj-* ^j>* > (_-_> L^L>JI ^.ja > 4__c j i «1 
*^ Y ° ^ _>jUjSJI £>L_J1 ^la-j-M jjli ^tj tU JS__u j^Jj jj___JI (jUa |jj 

1 fl III i jJ-__J1 ^Mj- ____ _J_*Jlj J 1 Mill 4_LC JL_>JI L}L>Jl ^l yVlMll J lrVfrtJ ^J 

i^_L_>Jl jjj_>JI ^5-C - SjuJLC CjIjJl3 (jj* 4<.l" <u Lqj - 2L^j_>JI 4-jL>JI Cjj-C 

LUS:j. L> --i-Jlj jl-u^I^L1-lj-j LU cjLL_*VI jl-^lj jL-Ll^j.-.tl^l 

*(jL__jV1 __JJ 4 j i a-JL 4 " j o A I __JJ IjJ-Jt jJ_*JI (3>3tJ tl_4_ jLJI l-jI-LC q\ L_3jJU 
4j£Jj iJ_i__S 5j1j->Jlj 3jjj-JI ^jjaj CjLjjSLJLI ^jja i \ it\y\\ LkJsL-j L^lj <jjjjJ j 
^jIsjjuJI 4cL_ jjLLu V M^jJI ^JVI ^(^jJtJ LLA ^jjaj 1 4 j m rt 1 1 1 CjLL|,JL ^ )t. L__j1 

4 Um.1 jj jjjl-wj pjL h j>>L> 3jj->JI jlL>JI ^jiajjju jj_i--LJ1 ^l U"<tnl jlsj .jLU 
.Skin stem cell L-ut jjjs-Uj SjjuUI ^_jIj>J 4jcj_>JI 4jL>JI 

i'h njt _-Aj <5jjj_j (j-olj-al ^^L-j j mi u 4jj_j_>J1 5j t miII c_jlj3- 4 jly^ ^jjj 
(J-d1j_*! ^>L_. (___i ^> V V " i ii" L^jJ Jj i jJ_>Jl (J-sIj-aI (J_s_jj jJJ-aJl jJLaj i Un '3 
. Lj__jt (j( ^jj-i-u La_» Jj_Loi1 j___jJ1j i4jj mt 11 (jislj-o^l Lg-_w!j _-Lc 3jjJ__>. 
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J£ 5j m. i a 5 j_^Ll-JI 4_^ JL_>J1 4_lL>JI JjjJ-.j' 
La L$jLj Ljj j V1j 4(jL____ Vl <_)_-» Ij-«I t_j_j iejL 
<j_a ^pil *\n\\ ^jjtiaj ^<r> o 4jl ^ninl l__)L_> 
.4jjJj ^LlL_JI 4jLLo JL-i-3 JL_> _jL-_jVI jjS-j L^j^J 
jjLjj ^«-J (j-i-JI ^Jj < »1 (jJjC __j_-__j _jl *_?jl 4-taeJJ 

.(Y\ JSL-JI ^l) LfcJ_ JL-j^JI iJiJI J^i 


jL>Jl l_U 


4_j_-i_lm Lmi 4__ 



tj j_-_>J 1j £-_-J1 j-« j-uJl t-i-j SjJ ^o_>^j JSL__JI 
^La-_ ^ Enamel 4jj*jI_>JI L_-dl 5l_u_> ^ 5jL_ £l_Mj 
i_J < ^j tDentin 4 ■ l-^ljJI Ll±ll 4ii <U L^Jj .J__tl 

Ijj i j B __U (^-kJI ^____JI 4_> ^--Jlj *Dental pulp j_*JI 
.4_r ~1>J1 jLl_#VI ____ 4j1 V ji lirtt ^4_i 


j_l_ ^L—Ul j__l t L.VI 
4_Lol_i. _;j__> ^ 4_«_jMjJI 

«4^X>JI L>U_ 

_-Jjli 


^j^ 


a*f 'ttjt jL-.i *. uu» *_-i* a---i <*__) mms 

Nakashima M Uj ■*!■><'■ & i U- , „i , ij^U. ^ I JUJL-SJJ i mLLJI , J_ 

__L jl3 4jl jl iDentin 4j 1-UjJI LJLl 55 ___i _>_JI c_J jujl_*o <?jju-1 ,,.qj 
Dental 4_^__>JI jLu-j Vl t_J L>L> l£>^j _>_J1 _-J j ■ <n jl ^j-JI L_jjj_-o 
L!>L->. Jj nr -!l _____ 3jj__J1 L^jjJ ^t ^pulp stem cells (DPSCs) 
L__JI 4 _ iU j-L____ _-]! Jj -r Ti Lkjjju ^l Odontoblasts _jLL__Vl 

4JUJI __J& jl iSCaffold 4JL_ .,.11 _-£) L}L>JI *JUb J-^J^ jry^ -JJjj t 4_L_>-ljJI 
I ^LLu 4___*L>- ja >. (JJjC 4_iL_oJ j_-q i_____L_t1 4 jtjjtntl I fl*Hjjf 4-^L>JLl 

.( T0 ^ Bone morphogenetic proteins (BMPs) JLlo 

,J-r*Ut l_jLVjJI ___ 1_UJL->_ij t 4JU .»11 4-i<uj--- J | 3jL2J1 __J1 (jLLJI (jyoj 

1 4 ajjJsj Pamela Yelick --L^Lu >L_l^L 4:_t_LJI <-,;< <i" ^Um.jj 4_*_«Lj-j 

tj_>. __Ujj . (jLL__ _M _-_*____? ^LjjJ ___3 4jj_jj>J1 4 L-uJUgJ1 j_l, V V"i i ,,l _wfl ____-_JI 

r<u i4-i^>LJw 4J1 rt ,., ^J, Tooth germ cells 4_^j_j-_*JI ^LL-u^l L}L_>. lj-cjj 

l-li^jj 4 j mm i. Ij^lju _--C I j t . r\ -y *4 i_j_i__SM 4 -r . .. >t 4J_i_J (___i ^j o ^JI J---»J 

(*-«J >■ u mlU-M (j-O J-_OH L-JL^JI (j_0 *L_uI <j-0 *-_>• Lo __Jj (OX.Jj ._J_L_u_M 

4j*_ajj SjLcI _>* ^yj-stJI 4_5jjJ3jPaul Sharpe's jjjLi Jjj ^jSU- _j*_>. * jj-J 
4jtx_ji Uj.y .na _>SL ^J _ Mesenchymal cells JU j^'*>Jtj 4_u_r_JJI L>L>. 

4jj1 ^o-oJI L^L_i- £_a c_a-jk L_j__w l — g__t — _bj jrj_- -liJjj - _jt_L_uVl 

_-JI 4jjL_J1 4_j_<i_^JJI LM__ __Jj_3_l_ iEmbryonic oral epithelium 4_vLx_j>JI 
_ Lajjju cJj_>J _-JI iMesenchymal stem cells 4_^__>J1 4 j.o-*-ttl LM_-. 

^-Jl _ <*-. T Jl IJlA (___! L^-aJjJLl ^9 (_--->J ^LL-m-"! 4___j_J 4J_U>a 4 1 j t j-_s!j__j 
j ili j o j-_ 1 j-Aj . <j jV> J-Llu i.".<ii ^-Jl (jLL-u^/l ( . j^Ijj LoUj 4 t mi j c i j^ljJ 
Ijl ^Jbj i>>j Lo-d i^jl_L_u1 (j_o La Lj_>. IjJL___ (jJjJt c_J_JjV Ll_>j____>> i1jL>. 
4_3___Jl LM>. (__]! j m kll (___ UJj_?_J i4-uc j_>Jl ^JbL^li- ^_Lo c-_3~LJI JL>-1 

>LyaL c___.l U" t .,,1 U_£ . L-5_>-M_- jljll 4 nU ;LI ^ j-j-o->JI jyjj (oj i^jLL-u^l 

tjLil _>-Jl |0_-j-j L^L>- ^jjo (j_L_uVt 4> iM*>l (__ic Jjju__>JI L__j1 L-jJUct ,,.aj 

|-Lt Vj V L->j_o_c J^j- 1 - 1 1>° WJc 1 jl (_J1 L>L>J1 , j__ Ijcjj u_-=- --Ll jj 
l__ i Lcj j . ul ^ Y SjJL jJL jl__ |o_s ^-J. c_cjj L_jj_u _--J1j *4___>L_- 4JL___u ,___ 

, ^ ° ^ jjLL-J 4 tt t n\ I _^j_nj U-l jjiJJ U___a__Jj idilj Jju ("<t o*-j OJlw_> 


^Cj*-1 JJ-« ^jl^ 


q\ (jLLjj^I t . ij jU (j^ <*m j in <"ij I JL>. L-ujJs LliL C__jJI jl (j^>t t\\ l£jJJ 
jj\ jl t4 ojl i ii 4_LsL£ (j__« u U t " 1 j-4-u 4__JLj j| 5jj m^a (j__- LL_lj ("i-»-"< i nj 
(j-j-uaJI __JI _ 4u__ _L_t- LjL>. 4_jj 4jjj_>J1 4 n>, 1 L^JL ^jjI - (jLi_-l gf j m'i Jajj 

Lc_iJ t^UUTIj (j_4jJI jl-___1 Ls 4 1 ^ j (__!_, 4_i_*uj L^-jtj jj »XU jl l__ILJI 

, jLa_* _>-uJ1 jl (j— j t'r\\\ l_l 3lj i (j_a (j__jj_U (j*C 


Postnatal stem cells Sil|lf <_Ui* J-J-Jt *t Witt-t dLrilt L*_> 

( __-_ = ij_x_ , | (_^aj--J1 4 -r u_Jl J frt o; *U_jJ1 (jL_1 Y» *Y ^LlII j-c Jjjjl Y^ __£ 

i_flij-L^ i4o£. jusJI L^litll £*9 yLa j jr j I JL>» L*wj-«» I Jj Jl>- IjJl___- I j___L__>l 

j_b jj iaIIj .__iL_-*_jV|j £>LjrJI ^ 4 jr 'l -yJI 4 jl^JI __L_vj_L__ ^Jbl j__-J (jj_Lj 

(___!! Deciduous teeth 4_4_ljJI j-j_- jL__JI JL___Vl jLi__l ^jL ) JL__>Vl (jL___l 

4l 1 1) ___- £ L V I J L_jL$_4 _M LgJ ^SljJ i4Jl4_x]| jl 4-_jL_uJ1 J 4 C ^_J_ J<__1 inTl 

. « ) J 1 j__- ^j__ 1 rjUtlj jL_j-_~ _>-_<» Lus J_>Lj (jr-J (jnn mJI (j-C jl CiJ^ in lill 

Postnatal stem4^_L_*J1 3j_jJ1 jl_j La LM_Wj (____ jj m<i j_> jLi__-Vl *j__ l-J 
l_^LJI oLS c_-> jl cryaLc .IjjJI ^l j_>jj £j_-__j11 Jj__Ij ( (toT) cells 
jjj_?jJI 5j ^jI c_=kj (____ 5tj (jjj_6 j o i>> Jo tj Gronthos jj___ujj__, ^_JIj_l__VI 

lA -t Ijl l_jLVjJLj ^j-UI 4_j> i^k II J ^ a a ^ t SongtaO Shi jl " «*ij-l- 
^j-A CjIj «i t" 111 a 4__ILJI ^Lt_uVl c_J J>lj IjJL_^j jry- t Y* * • ^LaJI 4_A_Lj-4iVl 
<___!! 4j nHI jLL_Vl (__- jj<n"H (^JI jLi-jj_- J--J ^jJI j^Vl )4_jcj_>Jl L>UJI 
CjL5jL_II (jjaj .4jr 't ^JI L*>L_*JI j-c 4_j__j_]I - j_- l_^J ^-Jjl i—iL /ys (jj-o JL- 
( ^j*ij L^a- (jL-j i__ll JLjT L-j_aX. (j_a 4-_«jL_JI (___ C__l_* jL_uj__j 4jj1 (jl 4_jUIH 
(SjLjl-JLI 4_^L_^j_jJI 4j1j_u_j _pajVl (jLL L_flj *ij 1 i_£ t4 j g"<1U 4 jmI H jL___VL 

(j_a l^jir Jj___k (___!! lJJj 3^-" ^ J r L*>L_- L^Lo jj_-La * L$jJ (j__*ij L_> j_- La 

(___ 4 j ) j 1 1 1 4jLL_J I_L_jj Ljjj__j jj ^ mi 4____ j nf (___ JnUll__ )4__Jl_jJl jLi__S/l 

(___JI t I ^ l II flj 4 J L III (jLL-J Vl I JLJJ ^lj-C 1 4_L-_J J-4-l (-Jlj-> ^J i3j-i5 Jj V £jj-J1 

(j-u La JiiUllj ) L fj_-_ f l jJj 3jL_-lj JojJL 11II ___ IjLjj i \\m (jjj___c. (__JJ J___j JL_ 
J ^ j " 1 11 1 (j-aj i4__a__ 4j ( Vl Sj (jjjJI j-J-JI (j^jJb *-* L^laj - _-j 4jLl__I ^jjj 
(__— J ("i 1 mjI (j-J i(j_-jVl (jja J__jJ1 1*11 h Lj__^ (4_UI (j-4 ("i 1 n jl___l 4_lljJJ1 4jL__Lj 

• LajJ (j ^ '" t Jj 1 d" i* il ■ ..C j ** 1 , 1 ** 1 1 j___ j^, ^ > J t i~ / .1 > 


&j£lajrt t daJI 

pL)VI i U rt nr J 4_u9 ^jjl C_9jJ1 *Lw J__"_ 4j! _>!_»?» :___;» jL_____>j^l__ J|j9 L_£j 
_ya Ijlt'* L_> t 4^j_»_Jl L!>L___ 4_u-L>. _Jj_j (___ 4__i1jJl juj- ^L-Ll jL__I 
4_Ji_JL Lu_jI j__>jj ^jJl t _j___il_j__- 3jVjJI JUu ^gj <»11 J____>J1 j_4 ^Jj-S 
J_- ^yjJI i^j-olj-ajM (j_a *>j£. ^jJI (jL_>j-__ £>-_J ^iyi i_u ^yjJI i4_ic j_>JI 
_jt » : 1 tnjt jLlijj__i JL_ L*£j - « j-» t 1 1 <__ JrtUtt j-J__3 J}jjJ_JI ___ j fltV*i 
djj m i ^ . n >Jl 4— C t il i nj jJI ^ . _>J1 (___ . Lt>-jJI j iht Tl ___ Jrtlntl _)Lu_ff 
(___j <__ JL>.jj 4jr 'i ^ll L>L>JI j! __tjj_til ^j-i^ )4 jr ,*> -y LjL>. 4jj 4 jt jjU 
\ $ tj n -*.j i Lb j—lC j 4 j^ i mJIj CjjA .ntttj j t u.11 uj1j_>.j jJLIj J__>J1j ^LLljJI 
Ji-. Jj j| 4__>.1j_>. *lj-jwj 4_^j__>Jl LjA_>J1 _-lc L^_Lo Jj I ^jJj Ljj n"i 

(_-—■! Jn Ull _)1_-l_I |*Lol 4___c ___ _>-*j (jjjJI £(__*JI j-Aj t«j_>.Lj jl J-L_u 

u_L_- __u L^ i(j_tJ_*Jt1 _r_L>.LJ1 j_ Jjj (_-__ jjjJ_J L#j1_. (j_4 J__)l i n"i"i 

__fl I JL>. 4 o fl <a fj-_y° j j"tj Lq_aj . *1j-4_S frlj~- m ___> _jl o t*> 4-Lj _-lc t b .j t II 

4_JLJI Ujjj_5 __a jLi__JI JL__»Vl _jL__t (j-o 4 ,nlV; ...U 4j__ j_*JI L>L>JI 

(jjL- _jr_->>J • L^-La I J_>- 3j J CjI j 4^ ^LL_cjj 4Jj $ , n) m ml.1 ___ J 4 ttl (__ic 
(jL__t L^L>. _;t (-4-1 IjJ->-j 4 jiji^tl 4 jr j ^tl L^L>J1 jruj I 0 iij »t oltl-l 
L>L_*JL_" _ LjLJkJI ^tjjl (j_« jjjL_t_« jj-c jjLgJu ,4_^ j_^JI JL_J_Vl 

^IjjI ^j4u> (_-]! jjLoju 4__lj_JI I 4i Lu _ (jl___-'lj 4_i_L_ jjlj 4_uU_-Jlj t4jj i^ttl 
|jj____3 ^_4j! J_u . jLaLtt I ij \y ^-Luu ^—lll LjL_>Jl »1 i"m . uL * Luj 2>1 LjL>Jl 
1 ^jlr Jj__u_j>Jt 4-_5jj__ _)! (j_L_ul (____ JL_U Vl (jL__tt (j-« 4j__j_>Jl 4_fcL>Jl 
4 j r j £-a ^j-jJI (__!_- 5jL-U 4_±_1>__-Vlj 4_jJjjJI LL___UL ^lUmi V 

.(jru_>Jl J__ 4 jl or Lgj JL___jj a(4_Jjj_>Jl 
3j JL_ 4jjj J -r a (j_4 ^u_jJl ^-lcj 

LM__- (__JI JjL_-3__JI ^jlc L_j-___-_j t L>L>JI ^Ij-jI ^>a > ^-Jl jjL___JI __lc 
<-Ij_j-_- j_>J .Anthony Mahowald C5 j>--t jj_-_C jJI (jLa i4tjU 4 .^..^ V. « 

(j-« 4jc j_»JI LM_>JI (jl JL-Tl *4_i_jj_-.Vl jjj_uL__ 4__-i_>- ^y- 4_iC j_>Jl 4_lL>J1 
4 i irv V*i ft JjjJLC Lcljjl M lii"i (_y_J j jj I (_-- L^>J-_a (j-LoJ JnUtl (jLu_l 

L __bj_-s jr*>__J t j^j___SLI 4_p__U1 ^LjSLlJI LjL>, JLa *j;j_i_Vl LjL>J1 (j_o 

l -__j-_a ^*>L-j-J ^yaLjjJJ 4__*____U1 ujLj t m ttt LM__- jt t^j_-_Jt ^tjJI 

jj _-Lc Jt n !L ^cj i o % j--- j- 4 4 in U ___ __Jj ^_vL_l jl *(jj____j__jL 


^lj i JiiaJ 4 jr j (jL__J L^LJtj jLaJI jJLx ^jJI *Gronthos S jj--__-jj-_- 

1 (j^ <i j L*-_» . lJjJLjJI Ctl^j jJLLj 4 j i mr Lj*L>. ^_J1 l_Jj->o 

.( T0T ) a, n ,nViU JjiM\ b>UJI JyjuJI ^JJ l^L^ 

Progenitor cells ,tU_-lt$ JL--1 g-.? U$-t UW-Jf 

i^^-jjj-^J I ^gj") Mil I (jL___-Vl 4 tt i T Lgj (_--«L_jj ^yjJl 4j rtj^TI 4__-ljj ^j-4 

j-*j ^jhr* 4jU__ <ya _dj_____i _jLi±_>J1 4j3jjus jj__>.LJI (j_U- 

i^^LoJI 4 jl o r ^jln n 4 xLq t i 4_udL>. __il_ijj_>. 1j-3j__j i^-Lc J^ mm I gj sLjj 
j ■ "VII <___ lSr j (jL__.! ^-Jl 4-JjVl L>L>Jl Jjj-j>3 _y» ^jjl j-«Vl 

. (Yoi) L-_J ___*JI ^KJI ^j 


Embryonic stem cell £-ft_flt gU_riX !■ i nlll tei^JI 4*4*11 

_4J _jJj__j L*>L>J1 ^jo -w eltar.l ^U- 3 j , V 511 LgjjJ 4 jl V c__jj_j Ls-5j (__r*J 

Jj___v_tiJ f.,vVl l_j (___!! 4JL^J__JI Jjj_3 ^ j_c VjJj i^jLL-uS/l L!>->. ^JLJL t^a 

L_sj_ij_ jl 4_l__ j_>. (tl j___j 4ai>. L^Iu-jL Lo - t>JL>JI J__- V inrn - I fljlr 

Reprogramming4__^j-_JI _oLc1 4 A* r L*-* j^jJu juV . L^L>JI ^ 

3__L__1 ^j-A (jj_J->*L jj-^-GJ (jn-- i4_ajL_JI Jj i^i<ill _-_J Jj__ ^j_>a lfl'<r Lj Jwkj _-_JI 
I fl i ii aj *j-£_-J1 (_--feJ i4-Aj_____- 4__-__»jjj ^-Jl L__Lj J-j_» 4jJL 4j JlL> -Lili-. 4jae-*jJ 
j-. .JL) jl . 4_-__jjj9j Oj-Jjj jjLjl Ju (_____ (_-iJj- ->j j fl mi 1 1 4 -r t ill L_£j CjL*1j (___J1 
j^_/l i4 uuy 4 jr *l > 4 jl^ Lj _ 2UJLJ1 4-jJU-u^JI 4 jl^Tl Lj - LfcLj 
4lt -rj JSLlu (jj-o 0 Lil>. Lj ^-JJ jJLJI LjJI 4-a^ajj SjLcI ^jjc J<> tj (^jJI 

^jr&j * J <r> all Iju* L*>L>. j_jJoJL L^_j_e Loj * L*>L>Jl ^l jjl Ljjj-oj ^Utj 

.(°^ ST ) SuJUJIj WUI oLi"Vl L>U 

Tooth stem cells Jt-3ll UMaJ xUrfl 

4 j^j^yi 4^aj<L>J1 
1 4 — aj ^tII (^iTnTI JjJ — _JU ti*>- T * • 0 j*L_»J1 (j^a j j > jj ^jjo ^ ^ n 3 fl Itll 
(jj* 4 jr j^>Ji L*>l VII jJjjL ^LAjI ^lr 4jj j-kJI 1-cjv jJj X" T I CjL_Cj-JIj ujLtJuol 
tjjj-iJI L-J 1 JuJL>u jjb jJm aj 


. L_$j__L-i ___ <j--J1 <"(j juu _>--. 4Jjj Mi II (jLi___l 4_l__jjl _ysj <.{y&al\ Inr _yaj 
Jn tll ^j-tb j-A - JiiUH j^ii. _ _jl i . nVl ^ 4jr \y\\ 4 jiV 11 j--VI jj-____ll j 
__J_. jL_juj__. 4_____1^j Y* • • ^L-JI 4-j-C.j -*JI Lj^Litil jj m g< < nu."<l ^jJI 
__jLj _j3j_-__, -dj-LJl ___} 2lL_j___ck11 4 iT Jl^JI ^LL-.I L^LJw _jL_ I jJ . I____jI 
ljJL-__wa jl 4-_JL_-Jl _)L__/_I 4 t ni H £>L-o^ 4_j__ l V " f _] _;jjl j-j-u-l i a jlr 

( ^_V^J1 4 iLi, 11 j___ ^M__>l JiL- <4_ i ___kJI ^L___JI j-« _ ^_uj_*__J1 £>L-JJ 
-^lj-al £>L_-Jj cleft palate ji ^__I1 < -___- ____? ___ u n\^ < . , j j-^jj _;JJI 

._>____-_ _1 (j_l SjljjlJI l£j_j (_-!>■ (j?j-=- ' 

_--ol (jjj ,jj9 __J_jw - j-Lc JSLJlo _ <j__ j_>JI 4_J_kJ1 (ji <jJjJl> -U- J£ Ln°i 

_____ L_JLi_b _)L_> L_« ^jJI i_jLu_j _ I _>_olj___i-i £>-__. j^-lc 4_JL__ 3j,\ n a > M iii 

jj ,,r. JLUI 1 jui, ^ya _jLs_j_I (j! j , . j a j_-t U^j . _4_L_-_- (___■ _Ul (3>-_>yi 
^ij__>-^ Lt__ul _>SJ i4jJI1 _>L____. _M _>__>1j_iai £>L_J ______ (j..jl *_jL-uj ^jL- __Lc. 

(_,__ _f>--' 3j—« 4_i__JI phf _>--j _4_^1j_i-1 ^_>_jj i^Tl L^-jj3 L*j i(jL__-Vl ^jpy 
,-UoL___J1 ^_-3 4_jLc. jj< mi, 4_j-Ur <___ jJLJI ^n^ m.11 

Lai --Jal _, iii i" (jl _ ___>j_-JI LiiL_i ___a _ (jLL_ _ I l_Jo __Lai_* <____, c__5_j I jJ 

i_;j_-_l i,.^Vl j__ c___>. __JJ L___v ^Mj-JI _--- l^aljy-.nlj 4jf j -*J1 4j1VH 

__!__ V ___JI (4_jj_l_*JI i ___aVi (j-4 L_»--bj__L__-j (_.__. L_-___J1 < ij^j-jJI j jj y V "illiT 

.(jLl___ , l 4j-1jj>-j ^>L_. 4 jUr _____ _4ic 



M 


^jl-Sl_HI ^lj ol nlV ^ J£j_ '^j-j-JI fJL «U 
*ij-$JI ji iLjlj-jiJlj 1*1 «Ull ^^jJjjSjJI 

i"iU xl JL_. Ljj-_-j 1 flK t L-Jj->. 4 i n a ^ jJI 

^ i n 1 1 Ji-jLj fr(jr ji J£-_ .Suoi-jJI l^j^l^c 4 j K 1 1 
J_> 4_LjLii j£> ^ J n i *j cji juV 

(jLjj-j>JI L$J Ju^j Vj ^jJI 1 nj V -OjL-L 
* VL53 ^L-cl J*j>J 4jK!I ^jLs 4_JiLj .^n) II ojLi 

3jL_>» CjI 1 1^1 -v {ja t j j "( ^ II I 1" n I \ $ "1 ti K 
aj_jJIj . CjjU (jrni a J m i -S _-.} t J->j n i I L-S* 

i j ^JI J-*JI ^ 4^JUI ^jj 4 jlo r JiJL£ 
Jlil j U c j£> <Ti 1 ■■ jl 4_j I j_u nSs^ Jmi oj < ; m 

cJl___$__J. ^1_>JJL. JK3 jl 4 ,K1I J_L ^ 

4jj t is> L^Jjl . 4jU tll 0JLA JjLSj 3j_Ji^ t__jL3jj-_-i ^Jx. j&l J3_i_-.L_JI J-4_»j > 

UKLi^. a^LUI L*__jL_j ^LUI ^j^lLI - u *- cU ^ ^ 

i n' tl £j-jJUI 4_3e_-uujl JjL1_-J <Jj fl , ^JLjJ ., ^Kll Jj__JI 

gjniill t^bjjil 4->r ,„'>! Jjjl6 ^JuJ J_ jl i( j-*JjJl ^>t l 


ojjt J-a -JLl_ j\ _ f__Vl j_j _ \ $ "> 1-j *4^_JJ ^jLaJI l_-jj__JI i_>jKH 
J iii n\\ (jL__ 4__jl kiII <_ >1 i mVl o ^Jj 1 j _i ^ ij t( jjjJI JL_>j (j— « 4 jl i t II 

lyA J V iilJJ tfrl « 0 V ili illj t i Ull frl fllt 1 L>-jl LjL_>U Jj-4f (^J K II 

) p i>j (1 1 1 rt j ^_->j_a___ 

4_jJ- ^j "j -rj jL_^a J£ (____ ^ 1— J 1 l-_c.1 i-^U 0 J— b J£ i", t ^-j-_Jlj 

Jji Cy*3 • ^jj^ o-* lt--^ o-" 1 j-*' Jj-- tj-- __-_JI <__tl jL__)M 

*£>L_JI ^ L>L>J! f U V -i ,„1 ^ _ j}LL_)rM ^ LgJjlj . JjL^JI *j_b 

4 j ijl y]\ 4 j r J— >JI 4_lL>JI j_jJoJLj L$_-j <^*}1 tlt 5 j j "i ^ J)j-— * - * S'* "'"'"j 

_-_JI (_>_>! >/}_! ^.-L-Jlj (^-LUI £>L_I jj mi^y (U L_jj_ju (^UI .4JULJ! j 

t(j J_J| LUj___ 

?U_f 4*__) >»- ^ *rf*fclt U_t 

cL___Vl ^—3 Ljj__ Sj^yi 4^__ Ju>Jl 2Ll_*J1 (j| J_j_9 1__Jjju- (jl_ 
4 jl^ll jt 4__uj___>JIj **!___- _/lj JJ_>Jl_ 5j^j__ CjLai ___! L^J _jj_>u ____! 1 
jl___>JI 4 - ,,,*»! (jwa Lu- j ir Jj_3j ^jl i pjir j_L_ 4 j r ,'i >11 

0 Jl_> ^jJS - ^ j ** 3_tj_>.j_-<- 1 ^ \l jj_i__u ^j^___- LJ I Jj_>- l£— j— oVl t 4-J-4 1 j— J, 1 
L_Jj t A j_i__>l _>_J .^1 ,,i ?n*-M 3joJL_i 4 -r <n*)Vl j c,l___cVl (j-« 4-i_-j_Ji 
4 jKUj (j-l_JI *L_____I J_ (__J3 Sjj^-j^- 4__L_Lj->JI 4___J_>JI jl _>Vl 

*L__L>. 4 j r. J y L^L- L^j (jL_ lV*J ^ Ji_u_>JL 4 o^I I &!____ Vl (j_« 3j_*.Ij 

Lj-JJI ^-aj t papilla 4 n jl >J1 ^j *Renal tubules 4jjJ_JI jl-Vl ^ 
(__!! >_u__ Sj^ <J^l _JLl_ oL- f L_ J£_ioj . Medulla 4_J__J ^jLiJl 
i_Ujj iL^l. jL- ___ _jjj_>. jl_j 1 3 < __i juj_>u ____ 4 jKTI L>Li- 3jjl_ 

j I J____jj ._JJj (_,!_. L^jLu->- 4jjjj_o 5 j , \ a a L_L*>L_- 4_\J <i" U 

Glomeruli ol . j KH LMJ^j Tubular cells 5L_uj_ijVl L>L_>JI 3jj___a 
(^Laj j I *L__- (_-_ l__j__J1 ___ *4 j'j*> L*>L>. (__!! jul <i"TI SjLcJ (___! 
L>L>J1 (jl (^JI J l ^jj .4uL__)/l _jVL_- ^ 4__LJI *LJSJI L^L>- 
4 j ,^L_- L^jjJ Intrinsic renal cells 4jj^j_>JI ji 4 jl^ljJl 4jjKJI 

^>L__! (___ _JjL__ ^ tSjjl ^ a 3JLJJL_> LM-J- (^l J j ^ n ^ 4jJjJLI 

.( T0 ^ Y0 °) V> l_-ll,^Jl 


jj— « ^jlx* 


-_Uf wkll 2*__l 

4 jUJI JjLkj SJlILJI 4_jx.JlaJI l^uji j'~- ... 

4 j ir»L>- _>>o 4<1"fl"t. Laj i^Mi^tl L*>L>- _j_4 L_jjjj_ j_>> l _"ij Jj t Lgjl jlr 

jl Plasticity 4_ 5> I1 LlwU L#j ,v ^ gij t *L_J1 _rL1j__J 4uj a= ' *j Sjljj-s 
4jLJLJI 4^__>J1 4 jlVll 3jjJ_ Jx3 L_j__ L£ ___bj *Transdifferentiation 

31 iii ill (*-m ^ _ L0L4J ( M" V j L}L>J1 r^A JUJLj^ £jj j^Jl Jj -y " II _-_£. 
4j1 i'n _j-lj _>*J 4__jjJ _yo <7i ■Kji* ___JI ~-j citll L^LJ- £jj _>__ _ 4u__u_*Jl 
_ya 4__LJI 4 j r ,*i 7J I LM_»JI f\ t Vi inL j-Ajj 3j j ~K CjL-jI -JLiAj ._j__jj_jj 

j-M-c ^ ( HSCs ^jJJ 4 IJ-UI i_ H _.__j>JI L>L>JLj -i^-u L» ji < r L___J1 ^ 

L}L>JI Uj.jK . L^j___J __J_j iLo^A-. 4_J>J1 t_UL__IL; _,i£J1 _>_»1j--i 
_jl L^ -4 ______^_La 4jji£" L}Lw __JI Jj-5__J1 ____ _ _?>--Vl 4JDLJ1 *4__y__ _JL__*J 1 

____ _)L_>j ^llrn II ___u __ja J__a_3j J___1 L$J JL_>-j 4jj1_JI 4 j c \ 4__tL>J1 

jji j L_£j . 4 _J_ ^JLI 4 j r Jl>J I L}L>JI ^jj__jj 4jj ih"iT Ijl^-a _jL lju_ ^L1_uJI 
4 j r,'i ^JI L>L_iJI _>____- j___ 4_1 Zerbini G ^j_j ^L__jV1 ^JL-JI 

Sj-CjJI JL__i_>J1 JL_w 1 1 11 V) L$jl JL>J ^JJI ___i ^L___J1 ____j (j_a 4 i.i II 

LM-WJ1 I juj llILaj iL^j La L__j (_-j___ (_-_JI 4jKll __JI Jo__j ____- L_L- l__Jjj 

_jjL?tj ______ ^____J1 . LoLcj 4 ir-> i_a V" a 4jjK L^L> Jj-r "11 ___* 4 j r 'i^sJl 

_-i__!l u_i_ _-_3 5j^-_>.jII .Renal stem cell 4jj__J1 5 j r \ -*JI L>L_>JI ^ 
_-_* 4jL__A1 4jKI1 jj<Ji ___!! L>L>JI ^jj _-JJ ^jJ-^l ___* J^_I3 c_u_- t _^-___o 

jLu_j _)l U____j (__Jj j <1*1J _3j__u Jjj-J1 _-JjLb JJ--JI <jf-£J ' ^6-^1 ^*--- 4 4_>-L>. 

-.j c->t jLuLll j______ J_JJ jt _ji>_>JLL_; L^Li- *_JL_a _)lj t __J__i j-_«_1 f L L 

jLJI L__»j_-__>. _;jKJ! J___J1 jl __dlll -j-l__j jjl LUi- t 4uKU L>L- ^Ijj! 
4_i_c Jlj>JI L>L>JI ^jU"i _J Vj . Acute & Chronic renal damages o^jilj 

S4_JL_1 L>UJI ^--jjju r JL_J 4___ll1 4^J_>Jlj 4jjKJI 
______ _j_>.j_4 (_-cj__>Jl _^jJJ>JI (_uJ-->JI _jj jl «4j1 _U 4Uj ...j 4jL_>>^I 

(j-UjJkj (__i_. ) U*i 3 - _j a j j U 1 1 -jLcJu^Ij jj U" 1 1 _J1j " ni^L _ ^ n i n a j 
Uro^La Jj l___ T T Jjl _ijjjJLl _>xj3 -^tj.U J< ,\i Lusjj 4_JL_J1 jl 4--J.I L}L>Jl 
_-_*jj ApOptOSis g_aj j a u % j jU J-L-J j ir>r J_^ ___ 1 j ajj -J j>oJ L^L>JI 
_ 4jj__JI 4 j r _u>Jl 4_JJ*JI (Jpo _$| _ j i.mH ^-Vl L>_J*JI _jjLt_- _yo L^jJ-jjju 


jj^ _^J-^» 


&oc^Ajr&±laJI 


(jLia ^jJLI jl jL_>JI ^>1^J1 < kiUl 4JL_>. ^ L___i .4__>.jLL_ Sjujujw L!>-_i-j 

JjJu>J. 1 JJUlIJ 4 j < >i j jjl-J t 3j__J_Jl ^j-oj J^ Juj 4-__j-___j < MTi LjL>Jt <jrtJ^L_-i 

_-___ jyi 4_uV1j ^jlU 4". m,;U 4_^j_>J1 L}L>J1j t 4_^KJI 4-^j_>JI L}L>JI ^ 

JJJ--JI jLajJI J j . u ^Lol m£Ju_M 4j_ j"K a t nn"> L>L>J1 _*JU-> Jju*j Lq-4 t^i ktll 
-^tOmiIj L-j_-1 j-Laj Vj_" < m~i (____ __jLL__>J LgJL^CJ Vj i4 jKII L^LtJ Jiej _£-lJI 

(j _j_____jj 4_____Lu t'K(V) cr^ 'jL*-*Jlj ' rtl"Jl ^ lr ^jjat^JI J-jjuj 4j_j-_a_U L_>lji 

ij y *I1 Jj_4_>JI L^Lj (j__ ^LiijJI (j_c 4^_q___j_* j__*__j LgjJ Jj )4jJ__>. j (__1c 

^-L- jl ajJlj u-jlj_-_>JI < . 1 1 1 jj i a Aj t3j r 1 i_o ^ I i n"i q\ 4j1 g Jl _-__ jJ___x__uj 

^ 4-1 uUj ^ -_jj_c_M - I^Ur ^ LoL^5 4^KJ1 JA^ij ,£>L--_)Mj JM-v-Vl 
^Llj IjL_9 IjJuul (j->- 4>l__^L_JI (jLi- ((^jKJl J Min II (J-A 3j_>.L_II ujIj_1_JI __U_ 
I<jj1r IjJ__j ^J 4_lKJI ^jLki 4 ^L___JI <_____ 3j_uf> _uL_*£u 4_Ui_* _-_. I Jujui Lii- 
^jl i iill UJJ-jJI 4__)j__Lja (_____ (j_H ^j___>LJI J-4-*J L_L!jJ ) jL_JI ujLoj (j__u_>u 
4 j 4u_ j_j___j L___jIj ii^jKJl Jm". rtll £>-__. (___. 4 j r ju>J I 4_oL>JL J>Jl_JJ 

,( T0 °) _u_i___J1 LbjLiJ _-jjjj tj-flL>u ^.SJ L4I- 4_j___L_U 

iMMiiia^-^-yiM-J» 

jt 4j^1SJI 4jJLJI 4jf L>L>J1 (j-4 3jj j< __ilj<i< (_____ Jj-__-»Jl 4jjt 

4_4-C.jL->Jl 4 jl-^ll ^-Jl 3jj__J1 (__JJ (jA__3-L_JI (J-a-JLJ 0_iJ9J tj j" >JLl (_-__ L-j-j-C. 
Laj i 4_____u___t__l I L^L>JI J_* Ljj-_U ^Ut") (jl LAjj_L_ua (_-_& (___JI t4j ni^ll 

■£} Aj^. j ^jngM-L» (> L^l iV,,„l (jf lj_L_w Jit j-J_JL 4_^KJI L>L>JI 

4_j_cj__>J| LM_>JI _____ Jj m -nTI L^j ^jj (^__jJI 4 j - j^II ^j___>j_a L_4___ 1 _> ^^AjJ 
-uaj 4 jl*ir (jj--J JLdj . 4-j__ul j 1 u (_-l>*J 4_j_6jL>lj 4 j mJ 4_____l jL_4 i4_u_lL>J| 
4_J_>JI (^JJLS L>L_>. _L_i- (____ (j_ji 3jj_>jI1) 4 jni^TI 4_j_cj_>JI 4_jL>J| 

SjjjlJI j Reprogramming l^". r a jj SjLcl (_-i__ 3 j-p- Vl l-ukJ . 4__JLJ1 4j iUII 

4_jJ__. L £j_i-.Vl (___-> -r ■ i^>" <-rj au t3j_CJ,1 4 jiji>ll j1jloVl (j___. (_-Jl ^IjjJI (__JI 
jj£u J_B Jj-Sl - 4_jJu_l>JI 4_j_cjL>Jl 4 j 1 "»J I | j__jL_____>J 4JjL4-4 (j_-u L__a_>- l_j1 j 
(_-_J1 4_xS>L_i-Vl j 4-jJjjJ1 4K m.U ^-J-C l______£3 Ju9 __11_ 4_a__4 j_Jl 3jLcj 4 jU r 

_-J LJ <—_ J-_U (jjSJ t^J_-OJ-a j j-lC (__iL _jrL_>JI JlILo (jl < ^ f J"-> i J-L_ (j_- L_JJ_J 

.( 0T ) dU^J Uu Sim.Ii.mHj 4,ujjJI 3K _JLI J* 


J^Cj^l JJ-- ^JvJv- 


L}UJI (j-c LM^ 4 T ,n ^cLill J-__JJI 4j______« Li 

( ^>LtJI <ya ^qjlV" imII j L^ia 5j_jl«".U Aj^KJI L}L>J1 jl 4 jiji>J1 4_j__ ju>JI 

4Jj — ,„ K II u ^ , „ " 4 ^jj ln i 4 K . n U aJJb < i 1 70 »1 o-UJI ^LL-j -J , V 

4 _> rLUI L}L>JI £_Ijl_>. 1 ^Lo -__jl_$JI 4 r ^y-j <Encapsulation 4jjL-JI 

-_Ujuj t 4_ujjJI 4_jj1_J1 L>L>J1 (jc L-oLliJj t JL--_>Jl *L>-ji -_j«j> ^ 3j iVmU 

.^--jjJtl p 1 n-w j-A I flt*l<U J^C (j 0 i>> 1 

BjLcI I itW.M.1 LLo La : IjJ^Ljjjj i4__jjJ_JI 0 JL-s Jjj ^aJ ^LoJjJI (jl JLlj 
j-ajLo^. (jU-tkj 4_jj_>. (__JJ I^Ljjkjj i4jJu_>JI 4_lL>JI JLa 4jULJI 4_J_*JI 4_5__ajj 
4jj_b L>L>. ^Jj jii>U <____ L^Lj_*o ^jU" m.'i (_--JI <4jjji >JI 4jr .'i >Jl 4_lL>J1 
(j_a 4jJlL>. 4_jJL L}L>. _L>.Lj _f IjLd-) uJJj J5» j^jU"i 1 gj LuO La t 4 m m^l 
t4_jjlj -j—* 4_jJl jjj 4jjj_> L>L>. (__Jj j 1 1 ->J> I (____ L$Jj ^j 4 mi n'i (j-ajjjl 
4Km. * - 4_jJLc L_J_» Lo _ yW"'» LaU- 4_cLLU 4Km. 4 ^/.t "m OJJ Juj 

LjL__*JI (^jLc. Jj .n stU 4__>._!1 J_L__ pl j__>. ^j-u 4 jmjJI (*j- 5JL UmV-H 

.4jijj-»J1 4_icju>JI 

^jC ^jnnTt __3j__j Lijl jj i-_j_*__*Jl ^j-a _/^j__j 4_> lj M^tjJl |ju_ ^-__J JL___ 1 JJ 
4_^>UVl JSLlil U M,r,n. L£ LaL-U t JuVl ^JJ 4j3j|11 4_.LUI 4K _. * LiUlj^ 
♦ 4-L_j-L>J1 4_^_L>J1 4_iL>JI (_____ Jjj_a_t_J jrU-jJl Jj-3 *lj_>- ^>o 

i^LJlf»_____g f _U ( >«-^ 

^joC (j-^ajjJLI (^ 4J_>>JlII ^jJJ 4n«ill 4 jr j >JI L>L>J1 JjJtJJ <i*J->- 

renal 4 j m. i^ j? 4_^j_j__>. 4jj__C L>L>. ^JJ Jj_j*ji: i4jj^sjJ1 SjjjJI jjjJa 
Lu 4jjJ__J1 4_j_j_jJ1 <Sj ^ lJLIaj ;4 jJSJI ^Jj Jj-__i L-jjju (_-jJ1 t progenitors 
4_j_a jjj_j>JI 4jjK II L>L>J1 Jt >_> *4_a5L>.j oljLijjj j ^ ^ Jjal j_c (j_4 4jj_>J 

*j-_>Jl JL-C 4 jKll (____ j_J_______jj L^L_>JI (j_a l-ijIU U £j-JI (j-JJ u rt .n V n 

.^j-i^U ^ -dJjj 4_J_JI L>L>. j-j^ ^JJ U-jj^J (jVI ^uj . (T0V) <-jL__il 
*Mesenchymal stem cells J_— « ^il^tU (_____> ^Ja m;j_>-1 L}L_>. jl_>.jj 1 o < 

. 4 jKIL ^jj_>- j? oLL-o) (_;! t_jjJL>. JL-C 4 <n .r>->" a 4jjK LMi- ^-Jl Jj Vm 

cjI jUr (__j_ 4jKT1 (^-Jl (__jIj ^-jJI L^L>J1 (jl (j^y-^LI! ( j___«j j_i__>j1 L*Sj 


J>^ij$\ JJ-_« ^JvJv* 


OSJ .^JL^jL*.^ Jj | d .,. ^^uKJI t > a r,,M J T > AjJI <___! U^^Uai 
mUS £jLk!l (joijJj Lgjlj 5 jKll _ya ^jh L*}L>. c_JL_L_> <jj ijJL^ (jjj-->.l 
L}L>. ^j ilntrinsic renal cells 4jj_*j_>J1 4JL>JjJ1 ^KJI L^UJl u * , .."j 

£jj ^-Jl 4_>.L>Ji t )f Jj Jte "n J c4jjj_U 4 j i^L>, _-j1jjJ1 \ $ y -Ljj_) (jr^ « Ml" <i*t 

.( m )*^iUI L}L>JI^Lry-* 
^ 3 j____1j__ill Kidney precursor 4__JjVl 4jjJ_CJ1 L}LJ>J1 i i^j ^ ^ 

( LjIjJL_J1 3_Jul_L« ^l j-> t'H*i <T> Lfri\ JLoj (j-J1j *4 jiji^JI 4jjJ_J1 ~La> , „'i Vl 

OjjJwj j^ L_Lu .( ro ^ Sj.m^y.U "LJSJI L}U- *L___1 L^l^L «Sj^ 

4 jf *.\ y L*>L> L$jl (____ *jrU>Jl 4jae_i-ojI (__<_ 3jj_vjJU __1jJL_JI 3_JU-U LMJkJI 

4 jij L»Ji 4 r ... '>Vi *ju_ t Metanephric mesenchymal stem cells u « 

4_J>Ji Jj_C (j^a ^5*1 (__-_- p <j K gj j»JLaJ tiJJjj t j_p*Vl ^j-d^LJl j}Lj <___» __jl_> 
jl 4 jKll CjI 4 jj^ (___! j__j L^jl Jj-Sj (j^o -JL__> _>l ^iij (_-___ (4jjJSJI 4j r ,*l-QI 

Tubular 4-u>^Vl L^L>JI u \ (__JJ jSJi\ U ^*A\ jj\i U£ .^jLiJI L$J 
i Lo i__Sj ___ 3j, l_Ijjl__ ljI j ^ i ml l_3j___ L*>L> (4_J_J1 ___* cells 

IjJ .4jjJ_J1 4 i f j_>J I 4 jlVl 1 JLj____JI <",ji ^-A tjj_J <jV 3jL__j I J*- — jj Lc_a 
^j.niil lj-dJLjr"i .„tj i Lgjl j 4jjKI1 4jf J_>J1 **U_>Jl _>£. Ij__*lj__I (j__vLJI ^jlJa 
tjrt_L>JI ^aL-j 4 jln r _--_ JL_aj Lc __£• j_j____j (_3j__i_. ^jJl ^jKJI ^ij i^ll 

. Renal tubular cells '4^SSJ\ 3lj>ujVi b^iyt ^> . r 

l.-ojUS'! L!vUw 0 t ^l Ji^\ <x±jj± 3 Anglani F ^LL^)*! ^UI jLit 

(jjl t_-_vL_U cJ^jJI (__3 Jj -r V> i 4L1 V> (___!! t 4jjjJI 4 j i^Li- ^ 11") 4~> 4jj KH 

Ja_*> .Epithelial cells 4jjL^__J1 4-JSJI L>U_£ 4 ,n,r> V" a 4jjJ_* L!^L_- 

. (T01) 4JJLJ1 4jjJ_J1 4^j_>Jl LiUJI ^ oj^ J\ O^Jh* urO>.LJ1 

tNeural stem cell 4j uri-irUjr *iyt iuiyi - 1 

LM-_>- ^j-i--- (j_<a oj i ri M. rtj Woolf A. S. (j-jj 4j! l-oJjj (j_Loj JL__L__ 
O-TjLi JL£J 4 j . i^all L*>L>J1 u \ ljJL>-jj ij-CjII u_JL>J1 ^ 4 jj u- r 4-j_c Jl>- 

cdJ j ^jj t< jn i-y 11 ^jISJI ^ j , ii ill t L-i (___ i'nn ir^i Vtj _jj_jL-u (jl i \ 1 1 

j-4_J1 j-_Oc_x j__ Ijjl LAj__i Ij 1 4 4 A I ^jL-j «4 <i(j a J-4JJ )<i^ J-«lj_- SjLcJ . « oj 


L}L--kJI jl 4__L___JI 5 j ,;~ J __UI jujj^^t Jl J^ l__ j__j . (Y ' Y) k h 

Cj JL>.j LjJj 1j i l__ I jJo V 1 ^-.-IjjJI Ju-u ^TI *.La_J 1 jjju 3 Jj»_*.j>3 4_lC. JLj>JI 

. I K i nj ilLu L^jjibjlj Lgj Oj ai «»t j LgliUj I ^ 1 __uj <~. nll 4__.jL_ Nichc 3j_i 

Lj\L_- ^_J| Jjj__j i3j5_JI 4j _£_JI -f j < n iTI jl j trit tl 4_uj Jj--J Jjjj_jj ju JUj_j 

CJj ____-.! I jLl LiJ jJ^JU <, iJjJ (jJ^J 1 I ^ 1 11 fl*1 -f J i nitl L*>L_>. j-« 4 m lr^V"l 4 

_j_TjL__. Jjbj $CjI jJL 4_jjJ£ L}L_- ^-Jl Jjttm jl 4j ,,rntl 4_l__ ju>JI 5 jl^tl 
jj_L) JL_> ^jJ^JI j .uitt L_jl j" <\ J_bj j K 11 jj_C ^jJv I 4jb <m*i1 cL_J ^ 
CjI ij ^ll 1 $ j 3 C-_L_. i ji-u>J1 (__jaL_u J_-. lj__ jja 4 ij t s 4_L_-j__- 4 ■> j "n cL>- 
4* jft (____: C_-jJ1 <_JJ_ ___) I <| ir I j , i a j 4J-aL__ 4 j 1< T I jjj-u" <j__ 4jjj M ,U 

jt r l $4-_J__JI L>U. ^-Jl jjUjJI ^l ln.itj <£__J J-oL^cj oljL^I 

(_-_3 Cjj_L_j ^juyj>Jl (__-- LjpLjj^j L^jIjJJ cL-jI (___ 4 j 11 n « T I 4_x__ ju>Jl L^L>J! 
CjLJ VI jjSJj JL3 La j n r S4 jKTI -5 j ( n'i j_jof-_ (jjl I fl iijjJo CuLS» CjIjJ-' 
j! (jSUj 4j_JLJI 4j nn-11 4jf j -»Jt 4_ti_*JI jl jj*> L__jw 1 i <i fl j La j-J i 5j j "K 
-J-l m,"i ^t JJa Jn r 4tj V",j (<J MjjJI g-^ ^Jl jJkj i4jjj-i LjMjv (^JI Jj m 

.4j£.jL>JI <jl_»Jt 
igjmUt ^ 2Ul_W Jj» _ 0 
^--Jl 4-jj_JI Ju_a__lj 1 Lu ji- jj_L) V 4___j">Lo 4j_u (^-J. jSJ . Ljj_C JJUj I jutt 
jl JLjlj _ Sj___.L-__ (jj-o jl <- > 7-j CjI j^JI ^ju- i3K in IL_T jl dj_-JL5> jfsL-ol L^j 
-f j 1 it itl L^L_- 1 ^l^Ju r«j jjij - l-jI t-aH j-i____Jt 5 V ~r it I g " \ t (_-_. La C___j__l 
CjL-.tj__i__JI (j_a j-cL-c (__j_ CjI i"i -^l Jl_J L_£j! L^La LLL t L^j j n "t i .nj 4jjL_J1 

cj! <ijU"TI L^jjLj ^l>- L^jjSi (_-__ j -li , oj jl cjjJj *_* L^jl juj i^jL>Jl _-_a SjjIjJI 

i4 1 ll-Li -r j 1 nitt 4_Lj j_4 5j J"» d 4_j___l_L- Cj1jL__Jj J4J J^tjC 5jj___> j^i_; 
4-J_- ^JI Jj tTi i4j_L__ Jj1_3 juLa C_jL-> (___Jl 4 jl^tl Jj_st__jj 5j___Ll-> (_-J--- 

/ nT ) jajUJl tf_i_b <y_ 4jl<TI jj-j g j.nitT 4_l_i j^ 

jL-_j-__uJ (j_ajj__ 4^_-L_« _ jLjJ j-jJJ 4 j i"i, 1 1 1 4_j_C jLJ>JI 4-ji-Jl V V "< r nt 

jy- i4_j_wjj-J 1 Vl ^LuiSu 4jVj (__J_ ^ ______ Vl 4_c!j3 v ^ i <t ____ cJJ j ^j . 4 j K T I 

(___. ^jJJ 4 \ iU 4 j r ju>JI 4_J_»JI 4__,ljj j_a j-___^LJl j^a 4-Cj 4 ? a j-U*i 


jj-y (j£Jvjv* 


'^r.\?n'^J^II 


. jj-.-j^JJ 4_lC.1_L11 L^L>JI 3 jLjJ JLcl tna J-oLt^ ^lil jj i4_jJ_xJl (jL_oj____j (j_-_jj_* 
^jjj Lg-Lj T "i \ (j_-Jj (_-C.L_-4 ^paj f I 1 > "i -.1 L_fe 4_J-Cju>Jl 4 j1*sJI (jl (_£l 

. (ni) 4j^L»>U 

^ji u \ ~r .11 4___ujJ_j Abbattista b ■ ■■ j"*LjT ^JLL^^I J_o-LJI j-£j L__-ui 

jlj ...M £jLc ^L____Jl ____! 4 ir>IV "i i J.1 4_j_cj__*Jl 4 jl >J1 Ij.*, t V" ...I 

J*__j (^jJI jji uaJI ^jJoj-kJI >a c_JL>J1j tUretheral obstruction _ __JUJ1 
jl *GIomeruli cjL-uSJI l__LL$_JI £>Lc <_,__ Laj^j_*____1 lj£j i4jLUL 4jKII 
^cJ p,K1 t _jLL$_J>U 4jKII L}L>. 4_4jL_Lo jj_ jJ ^.iLJI ^ 4_^j_>J1 L}L>J1 jl 

£>L_JI 4 jU C J* 4j_j___Lll 4_j_c j-jyJI 4 jKtl LjLi- 4 j 0*1 <j__« IjIJLSj 

ilschemia ji ^-«i^jJLI ^jJI j____ ^Mc L__ul L_-vajVi.nl L_£ . (no ) 1 i\>l 

LpJJ JL_ Lj i^j-^ij-jJI CjI m j< ___3 4_ojj_uVl L>L>J1 __3 Ju_-3 4__c £___j _;jJI 

4_lL>JL 4___>L>. JjoI jc ojj i imj-—J1 ^j__>.L!l v VI i ul L__> . jL_- _£jJ-> (jLu-fl (_-J1 
4 nUu ^-Jl ^htll <___«- ^j-4 I ^jj ciiljj ( stem cell factor 4 j r,'v «>J1 

4 j -v jJj_fljj jt __J1 L__j,j jJ <jf ^jja LJ JLiVj . 4_iLu__11 4 j Kll jj______-J1 

ji jj .rt rtll 4 r j _j 4 jKII 4 y aX\ (ja c__Jj Ls £>L__o| ji j_fo DulTield J 

^ -nj LM_iw 4i_wi j ^j-jsj jjhUI O! «-'J-^ *f*L-___]l ^-Ji- <j-« ^-jLj 1 j o j< 
j£l JlL-Jj <j-_J i4jKTI 4 (j__ j-jJI ^Li-J I d.in.ij (_--J1 ^Jj^JI ^ 4jKU 
j j r 4__jjJ_JI dj-A Lin F. (j_J j iii '^ij .3j__-LLj__4 j j f 4__-jjj_-j ^-jj I ju* (jl 

-jjj j^-j- 4 1 n I" a (_-j-j L^ji jl_u i(_-A L*_* (_-jLj V ^L___tJI (___u L>L- (jiu 2j_^LJL1 
tijlSJI g , M-J1 jjjSj ^l iEpithelial cells 4ujL4--J» L>L>JI L-JJJ jJbj J_>> I 

^__J| 4 jrt.n-KJl 3__>-L-UI ^j-J " ^ U-^ ^SIj l_^c-j (> tiJ-JLlj L-aJL-JI 

luL-lSj m ii.ll ^ji < Y • • o ^Lc (_-j-st-JI 4_-bjJ_j Stokman G ^L^jO-^ L-tjj*_a 
.1 iin 4 jU r ^ ^j ..r> (_-_JI ^-.k iCjLl ^"1>U ^jl 4 jIj-a ^--tj tCytokines 

j-LL-uJI ^__u (j-uJj 4 L_^_jJ1 ^-jJI ,Jj___>j (j_a 4_>fljj->JLI jl 4ul l-J.1 4_jjJ_CJI 4__LL_lII 

- L^jl (^JI L-JJj jL_^j___ j--wjij 14_l_>. J-Liijj Jl__ L£" L>L>. 4jjj-__j Lj 
L5L>> ^-Jl J j -r V> _;l (_.___ ^LL_aJ1 (____! L5L>- c_>. J-c! j_. (3>--j - _jL^jJu__JI 
jt L^J _>_3j"i <UI ^jj ^-Ul iGranulocytes 1 4__i__>JLI L_>j .r>^ t L___u 
(-3 ^L_3 ^ji _ ^--Lll L>L>J Mjl - L4J __jSu_ t 4uL__-II 4jKll LM_>. ^-Jl u__bjG 

S4 jKII ^--3 4jL_-»VI -» (_-JI Jj— _OjJ1 (j-4 L___.L_-_ul 4_Cj_L-U9 ____J ^>L_-J1 


_JSJI u&ljol gUcj *WS?II 6^iaJI 


t L^Lo 4_tC Ju>Jl L__j < ^i-^j i^L____Jl ^j-Sj L}L>. _j1 _)L_v£j____ __c JU j->*1 _, it <i >j 

4___ojj £j___>jll _)1j i<—A inll _;ji__JI — • j < ii t\\ >^J_-_> 4 jj_a r ___ ^__bL___ V 
CjIjI (*^i a 4j fJ--J 1 4 j K 1 1 g-1 n m> _»j_ 4-jLiil JLt_£ij 1jL>. i t j n a J-4-C ^jjl Jj_u 

j__?jj jj! L-a-j^ .^UiTI _.___ L}L_>. _jjj * >>TLa ^j-u-Jj Cytokines oLL$__J_1 
<j£.jl>JI L>L>J1 j>|jLVi.».l (jl j-t^ji <<jL»LJL ___ ^L. 4___Ls_j Yokoo T ^ 

i_>_Uj-U _-Lc I UJ mi I S-j-C (Ju*J 4 < ii n*> (j__jjJLl _v<o u oktTl _, iiiTl _>_-o 

_Jj (j^ 1 -_ L_J I jJaj Lo-~ iSj__>jJLl 3jui 1L> _>-jJj jj ir> 1L 4 jl r jj *j _£jJI 
Umbilical ^j__Jl <J__»JI ^ ^ jJJ *i_____JLt <_u_ __>JI L^UJI y-,,„i 
,C TV ' - nA ) 4j^KJI -jLoSJI __LL«_J1 £>LJ cord blood 

(jl _JJ_ i(j-UJ>.LJI (jri* J (j_o I J j i $ I i j -wjj (jJj ^cJ (jL_o--j" ( n 4JL_ Lo _>_J 

3 j j*i< L_^L_oji -_sr hVij _JL_j ^ Lc J< _u ^ jlU 4JL___U 4 j r j-gJl L}L>JI 
.1,1 lir>"TL __1 j j KTL 5Ljj-ajJI 4 if jVl 2L_tL__l >LiLo 1 $J o t 4jK Tl t.ijin" 

J_L_L_U _____ ^L____JI _, n*> <j_o 4 i^IV"i ,.. U 4 j r JL_>JI L}L_>J1 4_c1jj < 4, 

4_^LL_j LjL-i. _-JJ j_>l o V) L_$_i Ijj-->j .Glomerulosclerosis 4_jL___1I 
4jj^jJ| cjIj ii m.TIj *Lu_jVl jj_>J 4iUiU L>L>JI (^j-j <Endothelial cell 
3jLcJ ___ o£jL__ ^L___II ^_j _hs 4_uV! 4 j c ,'v >JI L>L>JI ^ji ,4 jKTL 
4ji JI pLLi ^ya c-^jLi L__ji _>_J t 4jL_JLI 4jKTI L^L*- J___> ^^J *LL>j jljjl>J 

. ^ ^ L_xL 11 (j L i J I 9. L_j (j a 1 r>" _y_ >. L— j j_, j _j ljji_,1»j 4_ir. j t ^ya 4 j" t_j T I 

Carcinoma UUI _>_)i ^Ulj-| imt ĕAi\ U_t 

Jj_>.j (jl i 4_i£Ljj_>o _ I SjL_*__ll ujL-^jJL (_Jjjjj_jJ (___ ____*-> J>Jj__ JL_wj 

L_jj_>.jj "_>jL_L«a (j__*j__JL (_jL__JLI 4_J_vJ1 -tj m*i __«_ J_L 4-j__, j_>Jl L*>L>JI 

L_oL> jt___j J_-tLc lj-_uL__ 1 o ij __Uj IjJLjjIj 14 0 jl i nTI 4 -r i imSM __fl 3jJ_JJ 
(jlj iReX- 1 \ _ _y*__jj _, o i djj 4jj m< j T I 4_^__>JI 4 jl^JI Jj->- jJ j J4 4 (j^_=t-i 

jl jj>-j ^jlc _-ic J_u _jLL_j___JL 4_J__I1 4jL__>J ___L~ ___ _lj" ( ii a _>_>L__*jl 
^ju- jl j_s! jJIj .^ TVT ) _yj_j ,„ " U --j miTI L__i_ ___ 4 j r 1l_>J! L>L_>JI 4_Le 

L_J_>_ _-_JI i4_P__>j-_JI 4 jr *l >JI 4_tL>JL *L__»L>JI 4jj___iJI >jLi_ 4_*_ul_J| 
JL>-j c_-i>. .(jLL_j__Jlj 4 j r JL->J I 4-aL>JL (j__L>JI J____aJI (____ Jj____lTL _4_c 
u_JL_JI _)__J__U j»l 4 jl-- J J— >J __S j I miTI ~f j iuill J-jLu _}LLaj Mi Tl -rj Mi > (jl 


JJ^ iJJ^ 


7^r \?H7fcj|->ll 


4_j_____>J1 "L__>JI ____ L__> j»Vl 4_lL^JI _jij ,,,'iTI L*}L>. ^ a._L_J1j 
3 1 r'i >JI L>i _«JI 4 ilg ____ J 4 ^jjJI I j- .^ VV ^ g;j >n*i J£ (jr*a 

_,i«j I j__j t 3LpJI jlj__ ^-lc c_aI j Lo _JL_*j ___, j--J1 £jjj __jJ1 4 *i^L__j-___JI 

^j < niTI ___ 1 fl ir I j j % * UJ-— (j-« -^*-* L_As_i j>*j c?- - "* <J-— ' lt - ^ l-L_j_>JI (jl 
*}LJ j _j j*\j JL_ f-JjJI ____ *l _ ( j___jj 1 11 f 1 J-4-C _g j"i 1 ii fl <____ 1 L___) ! _jJ->j 1 11" U 
___ 4 j cj-_>Jl 4_ji_>Jl SjJu jl JJ-^J ^J. *j *Lcj_M j j r j — >J — L ______ 

. (__jLL_>j__J1 ~r j t >i jll 
_J_" __i_j -c_j <n'i J_" ___ 3_j_wj_a 4^_L_*Jl 4oiiJl <jt _JJ j J£ _>-i LJ -t____bj 

4 _J_> -cj___»1 jl_Jj . 3j__J__> ^j_2>Ij_>3 I ^5__J 3j_-l__u *^j__>. « * I !**< <i \ L^jIj * j____c 

(J__*_i L-_J__ L_jlj__if ___■ (jrJ__-LJJ Lg-lj j*iV - £_______ _-jJ1 Jj jJI (jl t(j n 0 Mil_t 

t^t JlU (j_-j £*>LtJ 1 0 J j U lj-_ jJl_AJ __lj__gj iSjUJLCj 3jUJ_>. 4_j_J_- __L_-j_j__ 

t(j-_ wj ri"l I jj_jLL_ ___ (jj____u (j_) jJl l_LjJjI Lal . ^_>j_j__>- Jjl j" -1 ____! j t < n ij 

^JLCj _>-__> jJI _)_-> 4_>. j j n a ->1j_£_1 _£ j__u (Jj- V __j__-__ (1_*j1-1 ^-^J_Lt_i 

1 (3_>— LjjJI i jjj__>*_'l Jb (j-Jc CjT jj_ Lc_- l_-j__>JI (j_4 (Jj_j_j (j_l I j i ( jj_______Jl 

L-_j__"j ♦ *") I Ju_ _jJ__~ ( *ij _? 4_ Ij < . t -r t "t 1 1 —jl «1*C ^ j i u ^c— g_La mi *_* l__ij___j 
____ 4 imr 4-j.c j_>Jl "LiL>Jl __l Jj_) __jL_. 4 j , ,nr L__lj_-i1 lj_>JLc 

(tLaj (jj__3jLj _i_j__ |C4_I L*_^ * -4>->Lc ___5 Jj>U_yi _-_C J-ol V _)__" Jj i^>L_JI 
Jl_j *L____J,1 4_L-L>J1 ^-.1 , ,. yh ^Jl La Ij__>JL__J L>L_>JI IjjI mij (^ ^jj_ 

___) 4 ininV*c _j1j j "i V - ^jc l_*jj__JI JL-JI ____S I 1 t o m . 4_I j_- (j-slj-^lj 

._JJj __UI_ S jjj<1I _-jj__JI LJLLc __a 4_tcjL^J1 4_tl_>Jl _jL__jI 



JJ^ 


)S4_» "i__cju>JI 4 .l^Jl 

J____»JI (j-«Lj J_> : Jj n i'q (j^_ j (j— -— jl 

^ 5_j-c j^jJI 5_i__lJ L_- ^-^1 f l i V, ,„VI 

S->_J| 4,1 «.r 

_j ^So JL__L__ t L_j__»_t ^ol j L_4 (J_^ (J-ujJ : _) jJj__U 
4_ii_*Jl (J^-_) .C-___jJl _>_3 j j j-_j Jill j__-l 1 ij m. 
(jJo U£ ^-lill (j^-JLkJl l.«ftjJI_-' C.injt 4-l__ JL_*J| 
jL-I L_J 4_^JL>J| 4_iL>JI _jl 4__a__>J!j S j^io-LJI 
Lgjjj 0 n j n ^ 1 fl njjj <jl (jjJj-5_ (iLoJjJlj i JUJL-i_j 

^-j- ^^--ti J£> Jj — _> jJjlj J_> ((---ajJI 3j — - >-*-j 
JL_ - _-jjj r L$J u! - L^jH- 1 u!-- '-^ ■ "?JI 

o I t II 4 3 £___J i"i l Ll__ < " r ri **t » I ,jj___i 

_t *1 . *__i j_ _j_ _j__ _:_-ii _il . i l*__>^ 

** ** — i , l—i - ->J 1 t JL_ J^j___ ___ 

j_j__.j _»_^LJI jL-__ji __-J_- 4_*_*V 4__ljj L^-j^ (1>J _^ ^ j\ 


^jSJ L^J 1 ___JI I j * yj-i q\ (j\ UiijTl _r___-LJ1 _ lLU j J£ _ _>-JJ r*J i4_i_>.jL__ 
Jji>- _)__ 1 j " -r jj _)lj 1 1 g r r\ 3te j *__, (1i J£_j 4 n U 1 1, 1 4 j.r <q V I l__j1j_>J1 1j j ^J 
J_- _-_JI jl ^M-tJI ^__J_ L^al-VV" m.I 4_lU_c *l_ul ____ j-$ls-J ___ ^l JJ^ < m.JT 
Lg-ul . j-^LaJl 4 jUr ____S Jm-~ Vl Jl.V" r njLT Lg_tjj__u 4 jn l_U_4_5 *j~--J j^J-u 

___> c-Ulj Vi ...I ___» j>---> l_ILL_> Ja ijj i^ 11 _/l__JI __ol j L i4jr \ y]\ 4 jl^ll 
J_b )$4_j_jJ]_ 4_->jLi _jL___wo _)L__jl ji Jj I in * j—>-T ji j^ < nlL _j__j_)-a ^5L_i 

-ujj VI j>>t) Jji — _J 1 4 ^ 'J-----T _>J J — mi ri")j JL_-____>J1 ___fl I o Lj— > _>Jj1 JU 

4______JI _n_jLj>_ __a____ __U] j r, t . a ^jL-JI l-LL n " ... 4 J_±> 54_ul j « j<11 

__Jj__* Cii^ _)} S...J__)j _U ^4 jlf _jL_f_* Lo _-Jj (j-^j-U JL-tu jj_jl_ 4 j >>>j-~ 

)_JjLjjj _ _>_-__> 

_)J_ _ys 4_jj_ jj_-j -M ^j n"i i -j _" __5j___ Jl-mj y\\ _)l _jjJ__jj t LJjJI ^lj 1 0_£_->j 
_JjJJ _-_}!_>- J_ _va 4_> <Uj Vt lL)1juJL$j _-JL_L_b jLj jt Ju _r_-- JLju _ j_$£i i_yaVl 
c__j__j i 1 ^ j Sa O^LcL__JI ^j n"i i n") _jl 4jlV 11 i rtj^ .^_j___J1 4jL_L> JJl^jj 4___jjj ___ 
4__L_j_BjJ1 4lM i„j £j-_-_ _jlj J a ,t j _)l _ L$j1 jj __J_ L_lL_b jjL_JI l_J_ . LbLjJ 
4___>J j i m, jj 4jI JS^jLa^lj _>>aSLl ___L_S j__j ^LL-o-l _>jj _>_« 4 ^ ...LsJI dj--1jlj 
jjLH <4_jjaj^Ljj"n i nll L^jI ij^Lj L^J I J J I ___5 __-__> jjSj 4_lL>JI __9 l-)1j U inL 3 J_~lj 
4__jLL_j _-___. ^ j i ri ajj 4l___v l_U_ _>_____j!^ i<-jlj U <ir>1 Loj! cjj U <>>1j tjjG Lcj ' 

L r _-_j l_U jJ . L^jj--ij 4jl-^Tl 4_>l4J _;l ( 4-uL^j _JI jJJj _;_ijj jJij t 4j_LpJI 4jj^_*JI 
_U__>J1 L^L> ^jo% ^yS __j1jjJ1 -i_>sLj-Jl jj-J _jl * JL___>Jl J>. Ju t____ (_^l _____ 
L__L _jj£Lj _jl 4J__jj_JL *4-L3 1j___C jl 4jjJ \atih 4jj__£i ____ _ ^L->^/Lj _ j__| JL3 
i4__LUIj 4 jr j ->JI 4_J_>JL _>_oL_>Jl JrnriTI __J_ I t mi^L Lo_>j . LaJL^-c ljL_o _>-jJj 
4_uJj_sJI «;L__Vl Luoj i n ~** tfr_-__- J_» _>_o 4x4[ _)j__j ____! o ir> Ljl i _>• i _jl L -Ldj 

L____j! _>__Ij i Loj 4 (mJ Ljj__p_XJJ _jLjJ__SJ 0l__^Jj_J_3 <Uil 3 ("m y jt ___>J i I _ f-T 

jjj___ _,_ 4jj__L>JI 4jI^1L Ji-JuJI ^L- IjJ ,4j3e-4- t _jVlj L>L>J1 _y* L^J-C 4-uj-iJI 
_-__>- i4-jj L$J _jlt"n 4__--j J__ 4-^L_>» 4___j1jJUj j j.-r i _)j_o _jt < ■ i -r J JL___*Jl I JLA 

. J tn°\ j-lC. _>C ^jImJ 1 _$j Ufll 1 Lu t nri i V 

_;ji>J1 ^j^L-JI __ic 3jjj____U i ujT 4_j_-__l>J1 4_J_>JI cjL-1 jLj_l_-1 jl £__1 jJIj 
^Ijj (^i _)l L-_-i__> i4jjj_l 4___Lj____) __j_ _L-ju L$jl i j > t _n_s_jJ J_iL <:Lcj_-C j! 
t Drug screeningVji 4__j__>J1 L!vL_>J1 _,!__ l-jj-__*jj ^jju _ji 4J j_>V jljjl_> 


jj^ _;j~^» 


gUaJI ILiclaJI &±1_JI pl _____•! ^ x-Mj\$?pju&3 

_>4 jjjl*JI 4_JL__ f±uu 3j_SLj ^jl>~mim ^jlLI 4_j£JLI 4_^j_>JI 4_J_-JI j__4_i 

}Ljj_ 4_u> J_I_j L*>L> Jj->-J ^jlc ____ _--_-UI __9 4j___JLI l__L_j 4jj__"I 

_ 4. 1 1 j. Jo Lj4_>. < z ti fi j I L__l___i ___> _y_Ji (jU_»j__JI LjL>. »1 m"m <rL _ j r, — * 1, 1 ___ 

jl tljjJl 4-o*}L__ (j_4 J_n__j ^cj _j-4j il^-ja 3juJ__ JLl->. I ___ ^ljjJI j3\ ^jj _-£J 
»;ljj 4-4 }L_ _>_: JL_uj (j_4 _____ l__>.j ____ IjJ . J-^L-JI 4 jUr ___) 4__4jL__ j-JLc 
*j-_ ___ 4.j r j_>Jl 4 j1>JL- •__-? I o jli i, 4jI_ j_b tjj_j _)? 4 jlr e__>j t JLjJL>- 1-4 

. jjc j! JL>. JfT /yi 4__4l 4iL_ <jj__ _j? juV 4JUJI 

TisSUC4 -r u_jVI 4__.JUA 4_i__ j__*JI LjL_>Jl L____jI ^, ,1 V ". „m 1 c < 

4jj_ajlJI 4 j r j.lj i ,\ n\\ 4 -r ,..'tij jlL>JI__ *L____c_'l ^L__lj engineering 

_/_" 4 V,U L>L>JI _)_4 4j_iIj 5 IX | *, j U «j 4 jr *V >JI 4jl !L_ t L._j j r j 
< MV" Vlj i4 f\ j I r » (jjS— _)l I {j jl r l^-ckj J n _ IjJ tdJuj-i j jt — j mi 

.£_ljjjVl *_-*-*■ ^ 
4___L>JI _ 4 j r j_>J I 4_J_-JI ___ _ L4-J3 _jLo_l v-lj_> _>__)__. L__ L_" Uj 

. J j j _ 1 1 j Jj-ljjJI jJJ j Jj>- JJ— ■ I L____4 _)j-J Ljj-Sj L_uJ_- _jL_ i£j__L 

tc __->JI _>jL_JI Aaty (_-JI j4__4 L^L>J__ __>■ J__ L_ jl 1 jp5 _JJ jJ 

_-4 JL__J_>Jl LjA__>J JLJ*- (^-jjjLj-jI Jc_^___ . Jj_J__J (J>_l JJ __!L_A _)jJXJ _) l JL»*_* 

4_j__itl 4_jj-_Jl L^L>Jl l ul j 4J-J L_bj_i_5j L_-jj j_u___ Jj___ _jlj i4j l_^_TL-_- 4] 
(j_a J_bL_JI 

4_tL>Jl (j-_ (jlJJLJjJ I jL-4 _) j " -v. LjJ I _JL__J (jl JjV i Jj_j__Jlj _j_j1j__J! (J_L>U 
1 ii a i" 3 jj l 4 ~ & j-j-C 4_Jji 4_j-C_i->. L*>L>. 1-4-j JljjJ J_b SJ_u____JL 4 j ,_. Jl->J I 
^-1 S_)jjL-__j Unj^ ^_b L_4-j lSi mi j ^J t4 i,i £j-Jl (j-« LjvL>. __JI 1 U ii 
^oJkl _-__ 0 Juk J S4______jt_JLI LjA_>JI _)_a j.Ita ^jj _J] *>j-jl <i" a LjL> L^jjJ-JjJ 

^L-__-___VI _____ L^jj j__ _-jkj i^jLjJI ___ L^jj 4.v > "1 1 -j »1 <JjJI ("iU 4___ij 

L^jj 1 1 ^ n j j_j_l>JI ___ (jO_>l_JI _)l Jljj . LjL_>JI (j-4 (JJj->-i ^l jjt _-JI jj_4_Jl j 

Jncomplete differentiation jjU_JI 4____L ji LoLc- 3jjL__« jm_. 4___i. 
___ j-j-j L-jj_4_ Jn __j ^J L^ji Ljjj , 4_>.jL__ jljjl j_-____JI ___ L-pj-cjjj 

____ 3j_j_>. C _ I 4_j__L_Vl CjI mioHI £___j _)L 4ljn< 3_UJL>JI 4__uJI _)L- ij-i-LkLI 

iLjL__JLI j i>i t II jl g j 1 nill L-i-wjj _u> . 4jL^ JJ jjL-lllj __4 1_1_JI 4 jl 4 r J ___"! 
VI __*_>. Loj id-L___J _M OfrL>. La __4j- >3jjl 1,1 3jljj_*JI 4j_; j_>JI LjL>JL 


6jr_jjrijl-H 


___ l, i r> j in t II L>L>. ^jLb IjJ .<___ljj ^ 4j J__ La ____. < < 1 » "i T I ____. 4ijt"(l 

Luajl I Jl-ljj t4j^ j __j 4_uLj_4_l£i J_<a1j_Cj l_iIjL_u| (j-a Jj i nl La t ^Mtirj 

4_^j_>JI 4 jl^ll j ji^" <_-j-- tL^L___j Lg_oj L$jIj__jj L^jIjuc _)_a L_>^l Ur 1 

(jru 4 i o > o t4_La I j ^> "j V Lj— > -t_j u-jj < LaL_u j ttl Lj4 V ^ <4-C,j_j_J 

, 4jj__w ___! 2_LeT id_jJL__ 
L>L>J1 1j-J-J (j^__>LJI _jf 4__jL_JI Jj_____JI ___ Lj_>_ LLjp- ^I-C J*v mijj 

:^_- £>L_Jl ^ ^JL>JI 
._>-->_• ^j LjIjj Jju_) Jl_j tLa j___C __£< 4_JU L}L>J! Jjt^a J>L_>U _ 
.4U1 T H 4j*j_j ^jikJl jj___JI oVU 2L_J_J1 l-___!I L^U J!La 
.4_wjA__ jljj La j iAc Ji-I J __J1 _j_t_a (j-w J__J jf Jjj_ojj 3lj_£ 1 Vnnl - 
igiUN g^ajr. ^iiL-^Ji ^t, \ m>< ^ t__j__ljj -jj^ljJl u- 4 ^ 1 j--»LLc 
. LaLaJ jJU__ll i_jj__« ^jAjJI __3 4_4J_5____JI 4o_^Jl>JI 4uL>Jl _)J-- _)l 
1_u_j *4jj^JI 4-*jLljj £>L_JI (___■ 4_a \ j____JH 4 jr j >J1 4_J_*J1 (jjSo _jf _Y 
_-_■ I _ J^al t*Jlj 1^-_>JLj-_ 4 j n j ^j t L^-Jc Jj____>JI 4__jjJ_> 4j&jju* J_j-__u 
__L_u__JI Laj ti"i i Pi i nll _,__. L^L>JI _jJu_ 4j j_uCo La 4__jj_>a L__" t j-__>JI 

4mPm.< II L}L>J1 J__- _-_i ___bj ^j^Vl L}L>Jl <j_« LAj-jj- <jj_ L_>j_j_j_ _-_Jl 

.>j_-U1 

3jj_>,Ll1 4 j r j_>JI LjL>JI _____<__ tjrtj joii ..Ilj ^ojIjJI j_ujJI ^Cj _>f _V 
LjjjJ 4__jj_4 4 j i -wj-a-£ L^L>J1 i?_L-^J JjVl j, V ^>_ij LjL>J1 J_»jJ___ _ya 

. _>_L__I ^jjs-j l^jlr j 

L^ljL5t___jl JjL_5 4 I L-I-La L_JjL_>iJ -LlLjlj j >■ ___) L_*J^_w JL_ ^JJ^J (jf _1 

jj .M1 4_>.jj jf Toxicity Testing 4 j o _JI 4->.j- 4_a j_»JL t^L-ujyi ___ 

_)ljj ^11 3L_- (j-Lc L^jji__w mJ JUbj t(jljj_>JI 4 — ' mi tl (___» 4-jj mPt J_3 jj^ jJI 

^(YV0) ^L^^I ^ 

4 jl^H *JL_> I J>jJj J JJ 4_j__1_JIj 4_-L_JI 4_fljJ-II <.i-rj (j__t-JI J? JJ - - 

j-_ ^-Ul 4jl_Sj_I1 j-4__ jjLhJIj L_iL_^LLa_J JL___ l_1Ll_ (jj£L) V _____ t4 o ^11 

. 4_u_-j l-_-I j_j _-3G 
jjUJ!^5U^jj>JI -_lL>J! f>\ A'<*u tl \ ^± V I lojI jj^ (lucL-j _jj__i 

bM3tf( ->lL-> jJL_aX JoJjJl j-_>w_Jt_\ 


gUaJI '^jr Ajl-ill fol \Viwl <-i rjLeUl yuljp -jnnl 


J_Vl _-J_-. - 3jjJ---«j 4 iii a jjLl_-vo -JLj-A 4__jL_JI Jj innH ___ Lj-O 
4^j_>Jl L}L>JI l__j<j m.Ij t 4^j_>JI L}L>Jl __.-__ L^i-a Jji,- tII _ _)V1 ___>. 
_j -j < ____) 4_J_~1jJI 4-jjL>JI 4____l L>LJw j_i-jj L>L_- ___>j lf jrLL>JI _ya 
_y» 3jj---Ul <_--j *4_ULJI 4_j__J_>JI L*>L>Jl L__jI _JL_J .4_uj_JI jl 4_*jjVl 

HSCs. f jJJ 4 tl^ll 4^j_>J! L^UJI Jl* . i ,„^11 ^ 4J.JLJI 4 T ,,,',Vl 
! t 4____LJI 4_L>.Vl j-j* 4_i^j_>Jl Lj>L_>JI L__J __JL__-j 

4 j r ,'t -Ol L£L>J1 (^JI 4-_L_-VL 1j__Fetal stem cell. Lc.j_u4_J ^ \ - \ 
L}L_>Ji _>*- \ ^jj ___JI ,Embryonic germ cells 5 jijiyi 3 j *jjj__>J1 
0 LL j__u ^ 5 j LJ>J! 4_ijI__ > __JI LM-J-Jl ( gonads J__UL» 4 j -jjj^JI 
4_*j_J_j 4_laLo ___j__j _jt juV ______ (j^J j_L__JLI ^ j__ iTeratomas 4_l___>JI 

___ j_>-Jj 4 jial __Ulj_>.} L__jf (_JL__ Jj i I $La ju>jj ^ylll 4 j r j_>J1 L}L>JI 
: _)j_>LJI j___J _U jJ ijju_-ll I j_w 4___> j 4>3^L_ L$j jju_J jLl__V1 
_ys _ 4j£. j_>Jl LM_>JI jJL__ua - jJLu-JLl jl>- J_*__U CjljLui-l «.Ij^wL _ 

,jJI ...4jjUrtllj 4^jj^u_Jl j 4jjj"< itl c >l_lj_oV_' i4jjL_11 _>_!j^oVl 
^jub _)t _iijj__II _>_l_9 ^Ct-^J-' LjSJ I _>_Jj_J_3 t_>_->lj_-4 VI -> j_^J jLJljo 
(__!_ jl JL> 4_> Ijl_j__ gJLcl _)l _-J < ?1 jC^ * jL_i_J1 f , j r rt") CjL— -Jj j a\\ 

L^l j 4_>JL_U 4-lL>J1j Hepatocyte stem cell 4jju_J1 4^j_>JI 4_J_>JL) 

) S_j_ijj_.ua 1 L 4j1 , r\ c 
l_£j ! oL_jj-i_J1 (j_s1j_- 4j! ___jj_tJLl _>-*-» ( jJoVl (j_»jjj_t : j->-i J-Lo 
5jJ__ 4-j i n "i t"i (^j i4_>o L j_zw -ij___uj HoSt JjL-J! 4_Ji- Ljj (jj **i V) Jj J_- jJ 
4jjL.jJ1 ^ i h i I i _ruM_a __I1 <__- _U ju 5 V i iiL t Lgji i ->J Jajm 4l_>oj 1j^3j 
4jLu_1I 4-j-_.j_>Jl 4_t_>J! JL>- J j V n _>T l_Jj l 4_j__jj- i _JI J_ jl 4jjLjJ1 jl 
jJ___j (jj ^jUIL t^5— JJ L^al, i Vi i d1 Jjj ' L_bLo (____ (^-A j "i" i ii a (j--j^j_J 

.jrM.- (^l j-L>J ^! (— a 4JLJI -j__ ^ Jj t jr>U1 4jW Jt 3>LUVI ____ 
j_> jj 4_c _;jj| _ij-_JI L^ix (^l Pedigree __JI 5j *- _. I J_-L_ pj j ii" - 
jj-jj jl_ (j_-lj__l -LLu ___ (j-u ju V -L_ _l j->L_U *4_^ j_>JI L>L>Ji ,j__ 

(__ 4j uJjL__1 (___* 3jj_>.j_- j_«Vl 4___j__l_>. ____ __j_ i gJ-u tj-_b 4j 3j-_->LL_» j _i r 

JkjijJd (J-4-—0 (j-«j . __>j_-_Lo J___j ^cJ-u-Jl __!_-, Lbj ii!n f JlC ^-—j _____ 4_jL_JI 

4j-C j_>JI 4_L__>Ji _» j_b (jl ____ __)j__jJI i4_jl_tJI jl < , , „ j ! 1 3j -r m, ^jj *t"tj 4_uijJ 


*^CjVi 


jj_- _;j_» 


cr^ty* LLjjJ *>LuJ3 . 4_l__-j-4 4JL>. £>L_J 4j-^uLLa jjSLj" 

Lj*L_>- - 4 irt m V" 4 4 j r Jlj>- L^Li- 4 jUt> <j1 4-_*_L>JI j-4 (j ii jl 3 *l£J^ i nTI 
(jj--J Jb__ . tjyj^ '"^ *tjJ Ly—>— j-J— ' 4_jjJ (jA-i>- j-4 jl jnT-n) ^j-4 _ (j_/Lj_C_-j 
4xu^u»Jja LgJ^Jj t L^Lo jnt i jl BjJsUo ^jrtJ ji n t^H ^jjj^M i 4__<dL>JI CjI_L^>J! 

. 4 t r~u ^ Vi t, 1 4^Ljj< i .11 4JJLJI 4-^j_>JI 2uL>JI Lj LLu 
l___3 LjM—stj ^ -w*}Lc. -y uaJI jmj i ( il<iTl l --__>j-_a tj--*»l JL___4j 
(j-slj-A*-* ^y—oj—A j_jjLj L^J 3j-__. I ^j-A I ^j-lIjsJ 4 j f Jl->- L^L>- <j-4 ~?jjl 4 

. L$_J__j l_jj_l_J1 

4 7" j " i (_ptjj jjlaj-A j^l jnj V ilu T 4-_4j}LI1 4_jjIjjJI CjIjI i *i VV1 Jj*->-1 - 
j. V m4 jl ^lnt 4 j- j ij-w ^-Js s- a jj£Lj Jl_3 tj— jf Lc- jr^>- (_--* Lq 3j___J 

. L}L>J1 &lxjt 

Alfa -jrd^j ji .i. . 1 — _J t u ^ mij (j^LJw jrj^. < h m.<TI j.4 juV : JL_— 4 
jujiitia ijiji.i m^jL u^j-L jiLiil JJ4--J1 jx. JjJ_JLI o^JI jj_j Synuclein 
Neuronal Progenitor cells 4_JjVl 5j .H L!>L>J! (___. ^LLJI j_u>JI lju_ 

<>j__> ^1jl__J_i nl u-_3jj jL) Jj rt ^ .4 jii 4_iajjj__>. L^L_>. ___>. j-4 3jj-_>. 

4_jjIjjJI (j__* Ij_aV I jl j-_bj <4 <tU'i jl JL>V JJl____JI IJlA *(__-_- 4^*j 

j___Cl ^_3 JL>J ^jj-Cj JL-J ij-i-il jl JLJwlj (jj^ Cr* O JL>. 4 ~x- y ) CjJl>Z 
4-Cj <a "^l 4 -r j jjSLj JL-Sj t J->1j j^_>- ^jwo ^jSJj JL_>.1j ^-i-ujjJ "< ( a ^j-a 
t^L^JJI ^yJLpj^-JI ^J-lil ^.Ja j_j LJs Ji>- jl < ; i ln t j L^-La JL_wlj ( . m ir>l CjI ij 
LJL- (_yjTjjJl jjIdjJLI (jl j_A 4Jj_3 Jujj La .(j^j-LI jJ^Ji 1 j j< ii tjj^J L«_-i 
jlS t njrtU JL>J 4 je j"n OJltcj j I 4Jj j i _JL j-i__Jj iL___j_4 JL>- 4jt j*i i CjJlkj 
^.Ja Jl_>- (j_a g-iJj 4_ij1jjJI (j__>lj_-)Vl ^J-Jui _JJ jJ *.jli-/1 jujj m> fl j-jjC. jj--j 
(j_4 4-_-jo t t .4 jjs L_i£j_j- ^ n j U jJ 1 ^j^Jjj-JI 1 j_fc (jj5-j JlSj i^jrOjj-i ^j-4 jlt^l 

_ L-gJ-4 ftJ->- (j-« frj^>- Ll J -^lj _ 1^14 J_T jj£L _1_S My-JI 4 4 <1 l~i A-J, 1 L_jL_JJJJ_jJI 
(jj-O Jj_CJ L-3j-_- (jl 0 " Ll J ^wlj IjUU _-£)j___J ^J (jrt---4 (jrt_>. ^j_4 ^-Jl JL_9 

4l^ m> ^-ii (j-sj—^-U l ____j__l_>J I «ii miII (__!__ L_flj__ijJ1j -»_xjj-_>_ij <i in j V iii" 

j-u_J eJJ jJ .4jL_JJ e i a t 4 ^-Jb Jj j>LL_Vl <___-_ 4_L^u ,,, jT 4 jU r ^j^i-^l 


gUaJI &oclaJI 'L±L*}\ pl \Vlml ,_i ^bUi «-_>l«pf-ijjn" 

(j__1j__4_M J-C _>c ( rt mi<j <jt 4 j f JL>Ji L*>L>JLi £>L_1_ j£j_* _$1 jjJ-_-<J ^ 
(____ 4-a,V V "i 1.1 U 4 if Jl^>J I L}L>Ji ^jij <___! L_Oj->-J J* " >JL1 4__jjIjjJI 
.L_Oj».j j-3^2JLI 4_uljjJ1 jj^Ij-jo^I ^j-I _>c __i_i_-J1 Ju*_ t 4_il JUj .£*>L_11 

. (jinjjJ.1 £>Lc 4 jl or (Jjaj _-- ^-lll 
5Jua>» 4-)L-_j 4-uijjJU 3jr i*W U*>_>- _>-* ■*,->» Lj>Lk f l_L-H___» _Y 

tUlj- t^jtr uBji-uUtj %J jj___l _i j U *t 1 u njjlrtttj u»U-i< 

L *>___- jl j"t >.*_? 4 i j t «q -__1 rt tr>\ j_a __!____ (jl 4-__jL_J1 Jj— _a_iJI LjJ-J 
f"i j m i u*i L*>L>J1 _• ju_> _jlj t__t_J_3__-j __tl a i^ilj^j 4 jjt a ^jiJLol (jj9 4 i j t a 4_lj^ Jl>. 
J jj-tl" Vj j_j_a-_*JI <j-« lfl jlr a 4 j j t -t l__jjJo l-JSj ijy»-A J_____j j m ->JL I ___t 

L*>L>J I (_____ (jn^* (J L__J__u < " i M*j i u j I U_3jjJo __£t j j j i~i jl Jl-~ _£l (jlj . I fljf 

4 j r j__>. L*>L>. 1 V "j , mI _-__ 4__«£_>J1 _>*__» lLUjJ iL-jjLoj jl Lg^al ,„ rt'ilj 
Jjl_>- 3j_-_3 L_jfrL_>- L___ ^j-aj . Lv j -w (j_jjjJL_-i L*>L_>. ___>. (j_a 4_j_^JI 4__« jlt c 
j m^U ___i 4jj-jJ1 Sj___J1 *»____ J*>L>. ^j i j m ■*_, L I ___> 4_l3_j 4ucj_>Jl L*>L>JI 

l_U j ^4] j-pj Lx__" i L>L>J1 ^ya _j_L_> jjlc ______ Jj_____>JI j_-> (jj___>»_jJI 0 "1 

_-__ ^___3t_JI _-Ja I_jl__ ^ m ir I___j _____ . L^-uLc IjJ__j _L_) (___JI J-j I j j i " 1 1 lj_-_jju ^jl 

(___->. t 4jjlUU jo ill l-jIj n -> a 4_j-C j_ (____ 1jL_j ("iUojMJI 4-^lju-JI l_j___L___VI 

p<-r "ill J--ilj-C (j_>a JLjjj LlU juj <L_£__ljlj 4jj_CjJLI ^ljj^l (_-J1 _j>L->JI jjL_*-_u 

.4jCJl>JI 4_i_it_J 4_lLo'VI l-__Ij_>JI (jic SjUj.mIIj 
L-__fc_-.Vj iL^jlju 4 1 *i"i . i, a 4j^j-iLuJ 3jl>.j_C 4_iC jij>J1 4_lL>J1 ^-Jj LjJ-_j 1 jlj 

Lj_i_S_J I iCu MinU _l_JL4_Jlj ^l 1 iirt'^! J 4jj1j n" iiiVI ^-J-C L^JjJL_U ^JLC 

(j__^L_-Ll (jC j_-__j 1 ^jU 'w i(___i1jjJI _-^_*_xLjjj (_-_£» j j t"l JLfl Lo 1 ^j 111 l_J__-A (jLi 
(j_a-_S i^*M-_J1 (_-__. L^ja-V Vi 1 11*) *_? I il» aej IjuAj t L4J LLj i m c 4-C j-ud jJL I 4_3jj_jl1I 
ij\ Jj i<_jj1jjjM I <?r A ^ Jh-H J^l j' i£l ^-"-J! ^J cjJ-c LijJLj 

L*>L_>JI (j__l j__>- (____. j j t"t (_^l Laj 4 rj . Ji_>J1 I j-__ I fl ii1Vj __*_j__l_j 4 > j "m 
1 jlr (jrt*i4 j-fC 4 jl 0 1 a (jujjl _t 4 £j\ j L_jl*i t m iu4 1 jL_t-___j*_/ 4 -r j*n 4_j_cjL>Jl 
JL V LiU jJ .^>L_JI ____ 4-aJLa-"inll 4_iC ji^Jl 4_J_>J1 L__3j_____i j 3*t___' ____ j__jj JlS 
4-lC j->Jl L*>L>J1 1 ^ j'q 1 1) *i m (_-_J1 4 j 1 ti 1 1 1 ( j___uL__JLlj j_-yL-JLl _> -Jl__ 4__j___--i (jja 
1 0 <^>M m (j-lc l__J_L__j (jl (j-Jc t j___<ajj_>. ^jj^Li _jl (Jj < La _j 1 Ju_ (j--jJ ij___ij 

, JjL-ujJIj (jjJ_J1 JSLj L4J j j (__l!1 


jj-- (j£_LX- 


tk tr \-*\\"th ■ I % 1 1 


a__.I^JI ) LaLu ^ii I jl u i_J ; Ju ^ ^j-ojjLoil <? _JLt> j>C lI) 1 tt Y) L_> 1 1 rt",r I j 

^^iir. ,,",,., II ^3 i^cj^JI L>L>JL 4Uj^JU 4j m ,11 lJ&jjJ^JI J£ jl 
__-_) jLc jl jrt_5__-_-'Vl jLc >1 j o , 4_ij1UU (jji^LaJUj 4 n fltl j-ojL»JU _>_JL_ 
*4_-Ju Lj m. ~r aj Ll__LLo (jj£-J L>' L!>L>Jl -»JL$J fjM-l jjJjI-JI , i j mi<? 

j-a _j_-U! Serum ^jj , „11 j! Jj__JU Jiu t 4-uljuUI «-mmhiH li>Lj_Lo u±J _l£j 

>LLo ^Jju _>_*--> S L}L>J1 (ji^. jlj^l 4J J_*j $4_L-}L_ (JJLa La (Jjj cjUj^I 

(BSE) Bovine Spongiform Encephalopathy j ___JI jj__>. ^j * ji 

^ri.nlj - jL_uVl o_Ju_> J-__4 jt jj>* JJ-"l_J! (j-4 JuV (jJUjJ ijL_uS/1 (___! JJ^-J* 
L}L_- jcJ__>uj J^Ij < 1 1 i uj 4j! < " i f\ _£_J1 i(j_ajJU 1 juk jj-a j1Vj _ i"iih nilj __£< 

1 V" mJ (jj-- I injt .£>*L_Jl 4 jlfl C 4_A^L__g jp u_U L-UjUj (£_U 4 ~r ■ ,i*lfj 

jl_"l_> (ji u-jtj j-MjJI ^ Neural stem cell 4j m^ «11 4-lc _jl>JI LiUJI 

jj_L>.LJI J-4-JU l_U_ J^-V . j n jll (jj-x>- (j-^j-i 4 ij miIiI JjoIjuJI jiitj l_gjl 
tj-J .j n Jl (jji>- (j-=>j-L 1 j < 71 J (j?J--"l -1j-« (jjtj jL_jV1 ^j j < »> Jl V j "( , itl ^-ic 

Chengcheng Zhang jjlj £_±<ii jl>.j u^blj l^_uq j_-Vl l-JUJI ^-icj 
J____j jl-wjj j a t\\ (jj i^T (j-ijjjJl ( 1 j Mi 1,1 Prion (PrP) jjjj-jJI jrpjju jl 

^js I , .1 j\; Ijjj <,,.« L 4jIj t ( TVV ) ^jJJ 4_jj_-U 4 j r JLj>JI 4_iL>JI ^ 1 ,U 
-_L 4_j_il jj-fc. c_Lj_La 4j (j^jJl jmmiU L)La Lj ^rj ,3l_L>Jt juja u \c. LjuL_j 

. 1 1 1,1 L4-1 4_l3 i_j jiLj-ia j_lC ^jjJ 1 

^aa <am jisu-uii^ j'l_ji l!^_>u Liui j_i_ji Ujj-i- jiju^ „,i.r 

: Mouse embryonic Abroblast feeder cells <" inmti 

(___) jj-L) j? <-_3_j 4__lj_ jL_>JI L>L>JI Liit j r, ,,il (jl J_j__ j^» LLoic L^-i» 

j__l jJI (___3j . LjL>J1 mi n\lj j. 4 J 4__oL>JI CjLkIj 1 "fc»Vl ji^j t\ y 4j j m , „ a 
4_jL>JI f\j Vi ,,iL 4-_-oL>JI L)LoVl l!)LI j-3.1 ^ 3j!n ^v jj_ C.jm mlLd 
jLlJL>-1 (____ l_5_al ) V 1 ,„l (__i) L__ul j£Jj t,Un - ^iLaJI ^yS (j-uJ «4 j r \ yl\ 
4 -r ,„'iVl 2LcL_l_> (___ L-j-jat, I V "1 ,,rl ^-3 L-cu5j 4 L-$jV I n <j 3JUJL_>JI 4jj_V| 
,4_loU. 4 j^ fo\ 4 jr \ L^L>JI <", liiin ^ (^3 oLjSLJJj . 4jj_i_>JI 4 in 1 i^TL 

Feeder cells4jjjL_JI J-aljj LM_- jl 5u__U1 jt__JI L>Li- oLjSLU ^jla j_*j 
Leukemia Inhibitory Factorl j oj<jiJ1 . U y * J*Lc ^ o , „"i 3_La jj_i_ ^.Ul 

.juLoiL LjJ V 1 ^ l< !j 4_lCJlj>JI L>L>JI M,n'>L 

cPH <(LIF) 


^j^ 


L^L^Ij u£j->Jt J-- ijr^^ 5 A J-__J1 iy* ajj->-La 4 nlU L*>L>Jl <jl ^> ^-A La^ a 

fri ir^r I jl 4_-r r n lj jl Lj*}L>. J_U _L_C ^L^-UjLJ (jlj_L>Jl ^j-a J "i i") JL3 L_dI^_4jI 

'.Xenotransp]antation ^jl ,,mVI 4--ulj j ^ 4 r ,,.'ii ^ljjjL l__s j-_*j L* ^ 
jljus Lg_> IjJ, \ y , hjj i jLdJI L*M-> ^j__ Ijiti i ii j ■ LJL- jj__>*LJl J.** tj __JjJ 
. LIF (278) 3jLj (j^- t m i t"ij i ,ill __iLj£Ja ^-Jl l__L___j Sjjlsc* ^ij-*- 4 

jj i.iKmijj 4_j*_j_j 4jj j -nTI 4 jin lil Geron Jjj j -v 4_Jij___ J IjUb -___- 
^ 4 *i "i i*ii * 4_)j_J__> SjLa ^l, V Vi ^-Jl tT • « ^ ^L-JI jjlj__i_a ( 4_t__jj_>aVI 

Basement membrane^L__J_]l -rji.,ill ji L}L>JI jjl>. j^_> Lo jl^ j^Lj__» 
/ys 4jj_iil LMiJI _>__ Mj-l> i " '"U (jt-* f 1 rnatrix 

L^jjJloj i In n" cJljLa 1 4 j t j i *»J I 4^_lC j_>J1 (jL___V I L*>L>. (j| Lg-al \V"nnl JL_C 
Jla (____ (_-__>. ^j_iwVl 4 __ .^ViU L}L>J1 ^j o ^ ^.Jl jjLaJJI j ■■■ n*iVI ^-i-i 

.4jJl_-U 4jiji^ll jL_J1 L>L>. l_jL__ 
<", j j" __U L_jLj_La jjjJ__j ^-j- i jjj-i^ 4__j___i _-__ 0j JLcL__aj Li Y £->J _l_j 
j <i iT ^j*>U1j jpoVl <■ , mUJU i Pi i ,i oiT oyt—A ^ U-u ij V t"m Ij-aL-j * J^L__J1 
^-JIj j ^TI J__ail (j__ 4_jJ_ Ijit "■ i ulj .4 j iji-^Tl 4 j r j_>J I 1_j*}L>JI ^l iii Inlj 
3 jl dj i j o iTI CjIj a 4 J", a ^gj ,1, ) -AjJ i^ 4 jlj—^J 4_t IjJj j_j <_Jj 

L-_-t£j__JI j-j-t "n ^J j^JLo_a . 5jl " ^ a xJLu j^-ic I j_______-.j i Laminin j^ ij ^^Ul 

Lr-^- o 'J ^JI j jj t "iTI Ji Lj-Hj jl j j t " j ^Jj i L^LJtil j___i jja JL^--J I jl L __*u_-_-JI 

^-Ja t___cjj ^UI L>L>JI (jl U£ .r« imiiiU ^ 4-^_jl_>JI L>L>JI *Uj Jjlo 

j_i_L>JLI L£__jj _ji->. ^lj-i-u 4 m i^V"iT,I LjtL>Jl ^t^y (",Tnr I l_)1"m i" l-JU djjb 

. (m) y3Jl0Sl£JI JL-^^JI 

ti^ j^jji-j_^^tja_ij__^ 

JLA j>_i *(_-__« J_T 4J_j-__4 jjja JuV ^MjJI ^ya 4jx. j_>. L>L>. ^-iJ 

:4j3j-_-o (j>s JuV >L1q3 jm^U ^ (_-Jbj L>L>JI 

Cell morphology i-__Vi u_^y^>4. 

(____ L_jj-^jil (_-j>-jL>JI 4_Jl>JI j <j ha j! L^_j_a l-jj-c. j_U 4_J_>JI J-Li ^jj jl 

I fl irt a= ii j l_JJ j ^a-uj . 4_j__>JI ^lr l_5j t*iTI U_g_a Tjjj < , 1 1 j 4j \r Jj m ^Tl 
ni 1L (j_a_J I j-Aj . 4 j B l_ij__1jJU ^J-JI L_^jf (j-4 JL-iL-Jlj j | >ll 4 U i nljj 
j-)L*_j 4^jjj_>JIj 4jjj i->JI 4_i-i Jl>JI 4_j i T I L*>L>JI jl LLaJLc I jL_ . j j i djll 


7>>jr \->H ^jl-ill 


iL}L>Jl rjj& £jj (_--_-- ^JljCj ^--Jl 4rtl"i^U L>L>JI ^ljjl ^in-w __JI U^La J£ 

c-cjj (__IJI -5 j <n'iH L!>L>. £j jJl _-JJ jjl o "n 4_l!LJ1 4_^J_>J1 L>L>JI <j!j 

j <i n"> <jl 4jjjJJI 4 j ir>L>. jjj-lo <j-C LgJ (j£*J Lgjl L-g_* i4j_a OL___j jl 4_jJ_ 
LaLcj jjLJLa L>L>J1 ^yA ^->J £jj ^JI Jj t "" (j!j <Ljj_j__>J1 4_j_i_JaJI jj JLjsJI 
LLalc jJ Jj_ll t(J -JjVl 4_lLjJj>J1 J^-ljH _-_! l_iL__i 4_La ^-jJI ^JmmII L^L>- £j_J 
J-u_ 4_-u_>L> _ j $ 0_>u LtJjJaj jjl injl j^j n (j_a LJ^L_*J1 tf_L_> ^jo-w _)l 

4^4 4jj_*__o L£jjV ( J_L__J1 (___ jj>V1 (J__jlJ1 1 <j i^t i 4_$j1 Mila — jjL»jJI 
. ^ ' I__jJLl_l4 JUJl>oj L}L>Jl l__jj_0 j#>\\ 0_>J jjA 4jJ1 ^jJ Ls 

Cell surface antigens 3u_m gfa__, <_jUj>m ti jILjU^Ij- 

jl j j j <i jJ ,^j_>. I JjjJo 4-4J L-LtjJ t__ ri^j V £tj___j Lbj Q h a J 4 jl^-JI J_L__ 

____ 4 jl >J1 _>Ju_ _>l jj-4 j__TlJ_U jl t j i "i ^JL I ___! LujJ (^-Jl L>L_>JI cJuj * "J 

_-_c JjLt jjVI (jl Li__ Llj . LAjjC JjJ _ya £>LlU ^jikJU ____j Lfci_S _ r sjj_-jil 
4 n i n 1 1 1 <4_Jl>J1 __ic Jju 4 o n.ljjl jLs ij jjljJI ^yic Jju j___Jlj j j <uU 

4___j_>i J__l 3 j -u4 4 j 4___L_- 4 n inj _-__ Jj i L^L>JI (jja £jj j£L)j L$j 4_»_o L>Jl 

.( TA ^ 4_Ji_J1 ^ ^LUI >lj_.^ 

jAjar j V)l jl 4 o i.,1j J^_>o HSCS ^jJJ 4 « i ir>I,l 4 j r Jl->J1 L^L>J1 rJLLa 

jl LilJa IjUa .4 ^ m.IjJI ^Jla ^j-jWI L>L_>. J_«o jj? ^j-Uj V *CD34 0 r> 

jjjjj jj-JJI 4 o mljjl o'\ & 4 j JuJ £i\ o mlj 1 i,hjt J^-jhj ^ 1 . >> j j 1 1 ^jJI L^L->- 

< M". V> ^yJj^l 4JL>J1 ^ 4-*,„1jJ1 .^jlU 4t;.^[l 4_lcJil>J1 L>L>JI ^U^A 
4 j i i^tll 4-j^ j_j*J1 L>L_>JI _jl L___ul Li_- Ijjj .Sjujlc 4_>-jl ^-Ja ^LiJI ^j-c 
4-__L>J1 CD34 ,-uc L^li icJ <-J_j__j ^ljJ-JLj i L£J 4_i__ L>- i_j| 4 i .ilj Jj4_>_) 

4 iil"i V a 4 o ii.Ij J-4__>o ^ j d u( j 'q ^JlU 4 _J uaJLl 4 j r Jl-j>J1 L>L_>JIj 

Noggin 0 o . yj 4 o ...Ij >Li-a J fl V> oLj , i__ _JI LM-kj CD133 ^ ..." 

4jj j j i n t T I L5L>JI J«_Vi \ o Lu >4_ijj j__a_J| L5L>JI *L_- (j_a j_u 
!(_JjL>Jl _-_4__-ll J^1j_>o _)_* ^jJ-l 4jJ>.j_o (___5 NF u o _-j 4 o ,.,lj 1 <j n^i 

4J j cc J_ _jjj_> (4_^Jl>J1 ^jjL (^"-w j 4-^_l>JI L^L>J1 ^l jjl 2_4_*>. (___ l__L_j 

^ j_L4J L__ul (j_LJ j <?j_u_ (j-C <Uii *4 (j-i-J ^jj-4J (j-jJI 4jI o miIjj 4j1 q i uj 4jLo^Lc 

^jjaj 4___>J J£^ ___! I ; ij i^j (j^JtJI jJl_J1 j__ ^JUI j j jt"JI jj_ llU_ )4_____j (jc 

.(__.)? (jya (__J 1j t Ll (j_a ^Ll J-^jJLb l_Lx3j L-jIc jL> jAj J-^ 


j£tji\ jy* (jSi^ 


gLLaJI ^"(kac.kaJllLdaJI pl __*___! ,__ qLo\J I L-ul^p («luaj 


Biochemical Markers ^j^j*^ujU__-Ij- 

___■ __JL_*_ _--Jl l-j^I n" i » _ I —jl jl q f _ya £--jJ 4_ul j fl j^ Cj\ y ". I - _--<*> J 

L}L__ )lifl'^ .4 7- , ,.*>-! ^j-a jl L}L**Jl ^ £j_ J_J 3j-x4-a Oj^J ^ jl^l 
3j_y,U Neurotransmitters 0> . .,-ittl J-t-sjll jj-i- Nerve cells _jL____ _l 

^kjjuA (J_Ijj__LjJI L!>L_-j . 4_j_____ L*>L_~ J_>» ^j Li-b _jLj 3j 1 >Uj LgJ 

Lg_)l _ L__ _jl 4__L_JI -IjJLl _>-« L-j _i r j irOl ". ...^jLaj ,,.1Ij jgJj u.*i-1 
£_1j-i -^j g __J1 4 ■ , ,,ilL JL_>J1 Ij_L_j ._>_Ljj___j L}L>. jl_>-j_ _ ___~LJI 

.4n|-»^VI 4j^_1j L>L>JI 

Gene expression & cell type ^LJL^i^jjg-LjjjJi jj ..Iti- 

4__J_x_4j ">j_l__ ___ I g.r j j tj t 4j 4_uol_>. _jLj__>. 4J 1_j}L->J1 _)_* £jj J£ 
L^LisJl ^ "1 4i 3 > L__j1 dJJ_5t_- 4 nt - 4___Joj _;_jj _y_J ^ U _,_J i5_ Ji___i3 
L^-lc j-juu 4 ijt a _jLlj_w LgJ i4j u^>r Lj^__- __]) 4jj^e_I1 j? 3jjL-wl1 4_^__>J1 
___J ! 4l__-j_J j j <ij Jj 4_tL>JI £j_ 1 In n *q j jgj V *_r_t_4 ___j _--J (j_—-- J^ i»J 
. Ju_ _y0 Lj_j Lc_ __*L_Jl J_>>1j_- _wa 4-J_>J1 L^j j-*j 
\ 0 j 4 J_a__u J-a-JI _>~ 3j< . U J->.ljJ.l _-£• 4_j__j_____aJ1 Lj-L_>J1 i>L___w_ 
p - - 1 L_j 4__>-j_U ^JU. ^ **. i" La JL«_) ^j *__JLjJI ^ j_J I j pr ^ 4 ij t a oLu> 
4 o JU_-i _--_! (Jj-i-l __iL__l_>- JU_- I JL_u f_> k Ju-AJ }L__ _jL_j_>JI ^ jla 

_*Ju-> - I jL_i___*_3 j___Hj _-^jt JJ-° (_J! 4_J_»JI j j U " J J-4J J-_ J-J 4 — __L_>JI 

4_l_j_b ____ 4 j L>J1 J_--l_ _-_ _JJ_ j__Lxj L^-__ as _>__ L-tj j . t " .> __L_x_>Jl 
___5 j . Lbj j r j JL_-__j_ 1 _jljL__lj j-_u_Jl J_alj_Jtf> 4 j j t a 4 jjj"tjj_> -ilj— « 
_____ L_j_>» j L_>> i \ $ i (i _u _jj_ Cj L_j_>J I j j i t") q it*s t i j L__u 1 4 . ii __B jJ 1 

_ij__ iji__ r >____!__: CjI n ,„l j 3jj___> ___ 4 j LkJ l JS__L jl __^-jJj--5jj-^ 

4__J_>J1 j j <i'\ l_4J 4 j "wjLi-j 4_J_>-1_ _lj-fl LujJ (jj-o ^cj _v«J * I g *r U . i ( | 
J*Lj_4__ i4 jj t a Lj*L>. __j_ J <a t" _ CiLujw _JLu_ jl La_- . j j ir " U LbjjJoj 
i t\ ijj 1 1, \ t y L_£j J o «3 _r_J j Mi*t_l CjI jj -w _)1 V -><'i _vuLj____J ! Lj_i_ 

___ J^ t~ V _ __jj_t_Uj j_l_-JLIj jryJLl £j\ _-jJ1 _jlj _ L-g-_u __ __L_j__>J1 

_j _________ I___aj ) Laj j r j jJLl ji c-J-Jl L *>__>. jl u_J-jjJI L*>L_- 

j j__j ^cmj J_"j i L_^__d_u ^j oLu> ~c "i _jj 1 0 — • " nj ^3 _j1 ij >> _) 1 tj _; jJl 

. -r a J-JJLJ ^^-1 JJ __Sj ^jit-a __iij __-J jl-L-jaj 


Transcriptional factors ^L^^i^d^^^^^^u-»*^- 

< f)t l_j1 o i uljjl jJj_j < nj^ Jj_3 (J^J ^tlA^J! L>~- j n l£j^cj uu^ l£»LP 

4lm<ii<v Exons uij^ji. (^JI J_J_> j_-. LLjc U--' j__>JL__ )SL>L>JI 

t^j--_*j_-Ajj__i jja J-----J J*)>- u * '^^ l5>-^ IlltrOnS Lli_jjl_--JLJ 1 <j irt «j (jiC 
^ _j\_>JI ^jc j j i 4 jl <a f <j_c 4Jjj i ii a 4 j o j n (j_*Lo( (jA__>J L du^cjj 

jjJ ^j-A L_bJL_>-j L$-J (j-£>L>- (jOjj-±J VI dajjjj V (j-L>JLj 4_La_pJ»l ^j-TLa^l _> lxJb 

J-L» j^dL^JI jc-j-uJJI J-aIj-c j l Jj»L_c jjisj - _ <illj J li ii*L£ LoL^j _ Laj j c 

_— >1 j t i irJI _j-a J_>-jj i fc M t4j L-JJ 5j j t i r> 3lj_j Jj V Tt jl l_JJj *Q^>- 

(j--l «mU jj-i u*-^ ** ' " *'j --LI- ^jaj tCjlij ^iTI ^j-4 JjL-» ^SLi 5 i o *_,U 

l_jI m 7JI -__.**tfl lJL_-4> jl Jj <lnn B I j__b (j-u-_J . LoLaj 4j L---L-JS (jj^? ^>j-_X. 
t-j3j_*J u^l->~ J-^- ^Lall 4j__joj J__uaJl < . <*wj I jJ ) 4 . n n\ 0__jJI <____ jj-uJj JL3 

(J<i rttl) ^jIVm Tl 4 n]n \a £jO (^l j <i 1 1 ) jc____ill J-oLc J t "j (j_5t__3 • (_--»- J-> pIM-j 
i 4 ii j l*> jj I ^__ (j_4j i LjjJJ J-cL>Jl L ___jjLajfj__JI j^jj__JI jSLil (___9 j j t") l_jJL_*j 
j-iAJ ^j (j^oj - l_1jL_*JI 5j_xj i Tnj-*»- _ LjJI t—Lj-sjJ J*\ *« (__-B j _i t" -___J__*_j ^oj (jwoj 
4___uJL_> LjjJI (\ j j I Li-b 4 _t jUjJ I j 1 1 "i j i n a 4_j_S j_«j_-wa J j miia jt*ij 
Jjj-_jJI LjjJI JlLjj i J_____d L-i j 1 U l, I tjl->JI 1 ^jl f J>-U1 clA^ 3^A^ ' 
4 ri jlr> j (j^j cryjLH cr'! (^J-^ ti-J-s - ^j^L j". j , „1 1 (^JI SljJJI ^j-JtJ (^jJI 
t jJL5t->o J-4-C (j-d LL>1 J J-x_3 (j_a LLi) L_4_£ 4 jl^tl f L->jjl (j « m tSjjt a 

L4J 4^jl_>JI 4_jL>JIj . 4_J_>JI 1 n jj-i Ij______3 cj\ 4 l-i1j J_L_j (_-_3 L-^jL>-j 

Jjjj I g jlr Jjb L^j (^^L___I1 ^ 1 11 i!l JjaL-C JJJ>-JJ i4-___-L_>- 4 jij^- J-o-C 4— aj hia 
^Jjjwjj ,(jVI L^_jjB LaJfc (___]! 4jjq Z_JI jl 4jj_4jJI 4J_-.jJLI L-^Lo J_^ Jjjj *4_ii__ 

Lo-4 t 4 tj ^ 1 nllj 4 jt L-aJI 4_J_>Jl 4JLs- (_____. _ ^ji-la-LJI JL-C _ Jju ^jjjkj ^»JL__ jl 
.( TAV ) _j_i__ (___- jl ^^LjJI (_ya 4jL>JI aJJb 4_4^L_* 4j_j__ua ^j^ ^ ^ *^ 4j 

Karyotype analysis *2u& ^ui>ai j-Ut j_s_4_U( ^>Jt . 

jl c--5eJ L J-jC jL__j*_ , l (_-__ 11 Cj Lo j__j j-a Jj-J 1 jt Cj_j_Lj__JI JJLC j_l_ljij 

Jj i jjljJI ^ \c Ij oa __U j ,j--_Jj .(jL____i_ Vj 4__l_> SjLjj V LjIj LijI j 

CjjLj ^j___jj_j£Sjj_i J_i jjfLj jl < . i-r j t 4 mi.ii (___a j-i-u j_« Jjf-J I < ij^j-Jl ^-JJ ^l JL_-_u 
^jja 4 tU*4 *>L_L_-i ^jj *>L_i . l-jI 1 j yl\ (j__ ^ t j t U * I _Jl__JI Jo 3_j * -_-_-t_Sj-__J I 
(Jjj **_' I l-j-Jcjj i j__iwl ^ j_i_u j-jO jj__i l_-5j_L_> (___. < " m ^ " 1 1 j >"< I "i _b I Jl_3 ^j__j__ j_jojj-_i 


j^ ^-KJ^ 


^UmJI ftjr stII^jI^PI pl__iO__ji ^jloUI fouuu& 


iO__lj-_>. <j-4 L$j La t *ir 1 in" ^lj <j-flj « ** . n r 1 < *Vi JL-S ( ______i_____J I (_-J-£ La 4 n U i a 

^t i tst\\ 4__>jJ ^ A * i'i<i "II JL__3 L5 J__j______J 1 <j_-i Lo 4 *iUifl (jjj-j V! l_-iJs__jj 

JlS LjLflj-__j I ">:-0 L___i_- J L_l_Uj_j 4___jjJ,l l__iL_-l_>J1 <jl ^ i t j I JLA <j) jj i4 m -n 
U_>L_jjI 4 U mj-1 I l_JJj l(j"<n jUj (j_4 I j j j ^ Lj->- Cj ' ^ a ^LjJLj 1 3 ■ j"j" CjJL__-5 
<____} 4 i j t fl j-la_- (j\j <**i_t -w JL-_5 V_sL±j (JjJ Vf < . tyjj " . 'J I j ml m I 

^ < m 'Sj-lll jJLjlII ^ja JL> ,ji jLa __JJjJ . I JlSLaj ji£\ /\ ^jrys j____- 

;j j"t >J>1 ^ 4_i ihn"i>U L}L->J| lL_>. ^--3 4 j r j -O I L^L>JI l_j1^j-_-_-j_*jj-£ 
(jr^! Lis J i_! L_aj-_-u-fl CjJl> ^jj 1 J___bj >L - tj jUTl <j^J (j-^Jj--dl _j__. __a1j__s__jl *L__L-fl 
. L^J J-Cj-U £*>L_J1 CjI JLS-j ^-J-C. 3j--L__ j j r j 4_LcJ j-o-C. 4 i>>J^o 4__t_C Jl_>. 4 jl^ 

cjI j t 1 mTI ^u-w jj_-_oj tjL Karyotype ^-jIjJJI j^jJI 4__Jjjlj __JJj ^Ijj 
, L_^_Ll_>-_j 1 6 -. ",Ijjl» ^j____j ^3 Metaphase »1j " ...VI j^L ^ ^j LLaLaI 

JL_l_-j t <_j__c J >»Tl Lj">L>JI CjI n mlj-oj 4jj__b Vj L_s__--J _>Ju ______ CjI jj ct~ l_JL____j 

__1J j£j i-_Ji-_JI t t «.,.-_. <jro- J-* JL> L^j jnTrti ^l DNA Microarray l_JJ j 
l_JJJl__j *PCR J m\ . r."iU SjoljTI J-_.L-Uj *DNA sequencer LjJI 4l,„l,, jL^> 
l_______j ^jli". L_JJjuj . 4 ; j (jy>> j 1 1 1 1 protein Profile jOjj__JI jj._ĕ 

.( TAT ) 4_^ JL>JI L>L>JI ^IjjI ^j-a 4_iL> J5C 4-ufcUj 4jjI j JLJjL>__j 

Biological ^^Ult ^^^^ r,.t,Q jrM L^L>JJ ^ y >-l-J| JaL-tLJl _ 

activity stem cells 
L^jLLl-oj -4j1j_jj4-4 ^ ^^L_-JJ S.uU 4 _i r jl>JI 4 jl^TI 4j ^Lo jl_Tl_iJI \ 11 
JjjJ^ (j-C l_JJ jj 1 4j j LL-JLl 4 j r j i 11 ^j 4 >JI (jl m 4 Ulj I j /t»Lflj 1 *"< t j 1 U j 
_»JL-b J_-b J-Aj 4-La JLJ^L-jJI L_-Ljt_j fl jjJ ^(jr^i 1 L-Aj— -^3 J^jl _-JI CjIj U-kJT 

V 4_ULw 4U>L__a_C Lfr>l (*? 4U,V. 4_J>. ^ Ja SJ__v*3 V jl J^_o LM>JI 

^U-LS ^_L>. Vj J-JjG 

^Lj___JI V" inj >LuJa i4 j r Il_>JI 4 jl-^tl JoLAJ jljjl_>J jl>V l_JJ jj 

3jj__-j-__I.l 4jr \ 7JI L>L>JI jj-a J-jLJI (jrJj < .mSH ^jj_i3j-_b Jol <"y*i 4j3j-_t_L ^-A-LH 

Bioassayj «-3j-«j La 4U.„Ijj LiJJjj t 4 j.»_j_><.,iti jJUJ-_>__ , _^ jj__w L}L>. ^.JJ 
^j-A 5jjL-wIlj 4 1 ^ . r> ^-" 1 1 L^L>Jl cjVL>- jj^j>- Ijl-L-j^ .(_££_t->Jl ^LiJI j! 

.( TAi ) L>LL 


fc_r v?Hfc-il-J1 


m£J_a (j_« J-Tl_"ij <jt (— oej i^^caj^JLI __JJ 4jj ni i\\ 4 j f JljJ 1 L>L>JI Jij J_±_9 

jL_J1 J__* L_tjL>U _]1 J J __JJ Vjf L^iS U L_U_J JL___>J1 _--C 4_«LjJI L^J-4*>Ll_ 

. L$i- _! jJLI __>.}LjlJI j__1 ojl^ 4_lc j_>J1 LjM_>JI _>! _ 

. L>L>J1 0_l_> ^al JL3t_t_-1 _ya g__j JlS _-jJI 4 j o i nll p jjn" - 

4U1..1 j_> LgJ\lX\ --jm.'H (___* 4_>JU_ll *Lc j_>J1 L}L>JI ^UjuI 4_iU__ j_j_j _ 

4 j Vm hjjI^ J I 4__j_aV ^lj 4 j ijljjJ CjI a < nljj 4-4_- j_>Jl L^L_*JI ^JA ^uJju 

___ jJLaII j.>» «.H -j,,m l^jlr _ii j^aiJI 4i4_*Green Auorescent protein 

j! 1 <t>-V » __£ _-- Li njjjl-JI j_£>JLl i Z « Vt < u-Jl 1 ju_ _>__s_-_ (JJJjJo (jC * jL-oJI 

4jLu_^l __JJL__1) L V ■ < }___-_ ^LjLJ 1jL_ (______- I 0 M *— -_U jJ . Uj->J _" 

Hepatocyte precursor 4_Jj? 4jju_" LMi- (Uj^jL /\ 4jjU^ j1j_j 4U,Jjj 

J> _-J| - jSLju J^_t_) JU_LJ1 JJ-*JJ t j. l i^rVi JLj-JI l__jL_»j (jl_5 Cells 

1 ^MUr I julj L-_aej j-L_Jl ^Ijl) 4jL__II (jlj_L_JI __>VL>. ____* liv_L_>j . _u_>. _ L_ 
j^jj ^j^m. - jj_Lj (ji Islet progenitors 4_j^jj^_>J1 _^Lj£LlJI jj_>. L}L*_ 

Lr- 2, (J"^ * 'J ^ 4 - 4 'jjt j 1 Ull 4jj___J3 __JJ Jjusj Jl_3 |-jJl ___ (jrlJj 111*1 VI 

___ 4_ajjJ_J1 olLA , i j __J j_Tj . LoLoj L^L-_i-1 j! j-L-oJI ^L _>J>lj__? < rij 
L^_L_LJ i4_>.>Lc jIjj ^tuy-i ijy-ji _jl_L_ __J9 4jj___>JLl 4j_^j_>Jl LjV__>Jl j-j-jj 
j n *"i , n") _Jj_>. I (j£La I ^-Jl - 4jj JL>. _-_ l_i J-C.j-4 j-i-C j-i» I jjbj _ j_>. L^J LiL-- 1 

jl ^-j 11 4_iL_»Vl L>L>JI ^j-c < M". Vi LM_>JI _j_- ^ljji ^JI jjU__3 ^<u .L^j 

. (j_ajj_JJ 3joj_> 4 K 1« a ( ■ m 1 uJ lju_j i_Jjj>L_> 4_JJ _gjJl jjuLulJI 

4_j_j__>J1 4 j r j->JI L>L>JI ^l \ V "i 1 .il 3*L_t_" _nj 4jjL_U-U JS jt 4___!jjJ 

. 4_^j->JI L^UJIj ,4-^LJI 2L_;j_>JI L>L>J1j 

l__jj jjU_JI 4J»-_b > LC. 4_i_i JL>JI L>L>JI jru ^5L_J1 ___ 4jL____I ^jjnll _ 

. UUj 5jjU_I1 

- 4__L_1j_La j^jjC 4 l*< t* a 4__.L__ jj - jL_ _>__5cj I 4 m~t S t4_cL_ll ^j j S "< I - 
_-ic 3 j t n II 1 ^ 1 L>L_>JI 0 ju_ ^jL-S 4_jj ,_u 4 j 't j *f > 4 j r j >. LM iej 

.Teratomas _>jj-u 


o^u-^._-tjt-u_^ 

_ J_j_jL_3j ^Ll. . * 4 » <y ^"r Jl 4-_Ljj-J_j Montini E u \\ "'_>_* j > j 

4 i r j_>JI 4 jl-^1 ^'ii (J>J__ (>lj>JI ^>L)I 4 jU r (jl LJLLajL (jj_- jljl 

_JJ_j Oncogenes 4_jj-j>J1 cjLlj_j>JI Jj » , Vi < , . ,,n ^jJJ 4_iA_I1 4__LJI 

^yJj ury>JI J__j ___ j>l V'i uuj (j-lll CjL_jj j rttl _)_-i <jri_-;j_ <j_-j ^jjL^ tj_->- 
Retroviruses 2Lj__L>oj^I Cj L_- Jj j n 1 1 _j1 _^ ij ~nj_a Jl>.j . 4_tcj_>JI 4_J_>J1 
(_£j__-sj L___»j_____>- t 4_j_c. _L_>J I 4_Jj>J I ____ t jLLwj_-_JI jl fl hl ^j-o ^j_*__j 

. 4_j__ j jJ i __jL_j_>JI _--J 4_J_>J1 i n n 'tl SjjJu ~Uj__»L>. uLu^ _j_u ^Mj^I 

J_i L__l>.jj Lentviruses 4 j __jl_J1 cjL_-jj jn II ___a -dJj _l_*j ^J U-Lu 

4 j r JL>J1 4 jl^JI ____ _)LI_j_-_JI _j1jl_-,V _ JiiL__* 1^,1 >"mil J__- - jLj_o 

4 jl^ll 4____1j_ _>__. 3 i oa! J__j V Jj-LUI 4___jljj__ I jl .j_j_iJ mi U1 

.( TA0 ) _JL__J11 _^->JL 4_x_U< ^j^jl 

^j-A (j___-LJI j_1cj ^aJ _>_1j-_Jl 0 j_b _}1 JJ-J I 0 | <t \ - J uu ~i_i_bjJ (j1 L__5_JJ 

_,__ >LUJ- . j:!>L_J1 ___ _ ^jJJ 4 \ Cn\\\ 4___L>. _ 4-j_c.jl_>JI 4_Jj_J! ^l y V", ,„l 

L^L>J1 ^ljjjl * L_ I jj_J>LJI -L_vj _)U jmi na 4_)'_ f jj u iU1l u_-JJj-1j_ j^J-* 
__£> Jlj.1 ni j1_____jl 4_j_______j _dJ_ jl i^i-jjJLI ___• j-JlU 4 - r»)\,\ 4 j r j->J1 

ljL_b _)l 1jJ^>-JJ < J »>i - n u n jkjJI J^-_-_-_'L> -Uj -r u-Ilj 4jj__- jjl 4_l__j_M 
u 0 i ,i j ^ 1 ^j ^ 1,1 V"< ...I _)L£ J_>JI 3 .CjLjJ-jJI 4 j ____ £-_Uj1 __JJ L_;jjj 

-JjL-u ^jJI Anti-thrombin III (AT-III) r _ u_-_*j^__J jt ,UU-,M jL___u- 

^.IjJ L__j1 _jUf I Lq__* , ^ YA1 ^ CjLj-SjJI jJLjC Jfl ^j j_-j 4 m >,JI d__j____ _J_ 

L>L>. 4_JJ r,\7t\ (j^-jji Micafungin j^JL-Kj ^ u o , „j _jLjj U _il jL____ 
(j-=jji1 (j-L- Jr "■" t<Jj Neutropenia ^>L*1J ^jlU 4_____u 4 ,r U 

. (YAV) _uj jl*j ij^ 4jL__i 

£>L-JI ___ 4____*J,| l_4_-1j_L 4 jr Jl>J1 4_J_>J1 ^lj V" m,I 4 jUt 1__L_>J 
4_j_a_M CjLIj^>VI jpa -kjJLtJI ^-Jl £_i_*_j t4 Uj ,,i t i*. mmIj ajJajLA 4 jUr ____ 
<: j___JI -__a^L_J1 j-L^I ^irll __ j__ j .^^-sjjJLI \ ,„ L^JLi- jj JL--C 4_uL__jJlj 
l-_j__j __5j__jj i4_j-____>JI 4_j-L>JL j-^L-Jl ___ jLa VI (j____J __u1 j__>- J_T __-Lc 

4-4-cjl->JI 4jlV1l ^-J-ujjJI ^lj y^M.yi 4-A_r Jj->u (_-_JI oLU_lll (j-« j j^H 
^ iU < rt.M< J_" (jl I JL-l>- lJjJu _)( LJ JuVj .4j__j__jj 41^ . 4jUr ^>LJI (y- 


J^Cj^l JJ-- ^JvJL- 


L_»_$_aj . l__I mi" ^l ^iLc, (j^l ^ln i <iTl ^-JJ £_u Lo i <r>j ^O-^-LJI l_j!_i 
LU juV i£>L*JI <___. 4j£.j_>JI 4_tL>JI ^LiV.m,I ^_e L_L__u ^,-JI oL_i_JI c__L_" 

l__j-jl_JI j L^-La l_j I j_-2i*_M LL_wLft i \rt t (pj L_aj___ j^a < U i jj _£__JU V! 

L___J_ j r< *" L__>. L^jf 4___»U- * I4J 4.4 LUl _ jl n"i 1 nVI j L^jj_>u ^--Jl j3__CJI ^lr 

O^J__ I 0 m -v. 4_JI LJ \ $ uh j 4j tU 3j_*_t_o J-^I jjalj (____ (____ Jj lj-J__- Lj_Jo 

i J-^___ L$J LJ (j_J_J LgJ-a _JLJJL_W ^l JJ I L_-_*_jjJ ^p-lj—A^I I~r 0 ^L-JJ ^LwjVl 

. _UJ_4_JI L^i-t-J f. jJj Jjfc1^-> LJ <j-"jJ| 



W4_-T*-_-t\ 

4__j_L>J1 ^jLjI <1jljj — >- £3 ij *____ JSL^ 

Vj_>. _ jJl__JU 4 imv Luoj m > _ 4 j r J_>JI 

___ _. I j \ ^ I ^rUin — _ ilry- 1 t mlj 

4J_4 j»J — n " Uj 4 — al — c ^JI — sJl Jjj £_j — 4 — >- 
_>JjJl JLs-jj (jj_t_5j4_i-V! 0 i "n ^J . L__ j m V 
tjtj <( -a LtJi ^JL____II L 4-oLU , ,t. 5 n mI 

~J flU 1 *fj niM (jlj Itll ^_-uLj £J_1jJ1 L_l_JjJ 

ic r _cL_ll (J-»^L_>JLj Lil ^___j__;jj »1 g Ull 
< *l i ii <Q II _>_. 1_jl_jjj . Ljjj_%jJ (_^__j_L>JI _, * 1 1, 1 
^Lc ___ 4 jmjJI i^jLJLIj 3_ul ._.VI ^j _1L 
<-jI i n >» ____ L-^jJj ISjJI j 4j_UI 4-jJs Oj mi"*)1 

JjV 4jl 0 ^>t jJl _TljJ .(JMJ m.L_--I J j__L_JU 

4-_- J-LgJlj 3jjJl_? _ f*J-_JI (j-x«-j _yo Jj— >_ _ 1 
4 jUtl lj j U ^ ^l m.lj ^iljjil 

1*0 j J Ujj_>-j J 4 Trlinf _ 4 j C JL->J 1 

^Uki (jj- 1 0-*--^ 4_a!>L__ ^-JL-ILj * L_3*>L>. Ij «ljj__»L>. ^ £_>La 

4_lL>JI l-ijLjw (_ja ^ub (j-a _-1jj .t__?j-JI Ijla 



r k»r \%\\"kt\^\\ 


Ljl J^>V '"'^ jTI jlj ( J_j__1j^_J!j jjJL__>J1 ^^-«lj V (olaJi jL 4 j r Ju^Jl 
4jjjj__-__> 4_3j_j_- __JI 4_>.L_-. ___* _) t l9 iJj*J_>JIj JjIjlJI < — al mi"i^V j q" . n j 

} j^>.jJI I j___ ____ ^t^j 4_i_l_* 

_il l_J Ju^ *ij_,jL_>Jl 4_xL>Jl ^yS _jL_jVI *4Jj_»1j_4 4__^jLt_4 miki 4_3j^_tj 

. JuJ___ jl m"t -v 1 ___3 _> I 3j_-i 4-i____iJl jj-U 
Jj_9 -J_-j_-_- L-*_£ (j-JI l4 j m*>11 5 jr Jlj>JI 4 jl^TI __i-_. J i/i <j/\I_ 
tt j-i-L>JI ^ . 4 tnV"ill Lj}L>JI <uy cllnr I ^-lc. 4-x3_J1 SjJuUI L$jjJ 

^jjjjj-Jtlj ^jjjjJU^I :4 j m i^yJI 4_j^^jj-j>JI eu*>L_!l CjLojjjJI \ niTi ^yjJl 
/jl^j^. ""b^jul 4j___jjj jL>uI (j-~> *L>. urA-->- Lu jJ ^j^Su q\ JuV ^jj Jj__vjV lj 
V L-Uj tj| jj i4_j_L)J>j 4_^*>L>.i 4 K i^Ti c L^ji < . i r i. jjfc Ijjbj tjL-u^ tj^j-Tj l£>-* 
(j-u-sLi-Jl ^jJI (j-^J • (jlj-pJl l_JJ_w jJ lj)I^ i"i 1,1 ^j-4 4j-Cj_JI _*Jl__ JJJJ 
4j___J*l L}L>. _nj j-j--u <___J1 L*>L>JI (j_-j JuJlJI LujJ ^jjSLj 4 Ljj-_j (jr__»Jl j or 

rjJtj -j i"< kJLI __<_> _ I ^ij i u-u .i>1 i jj"V1 L}L>. jl 4_J_>.I jJI 4j^-_>JI 

_yo Ju_ ,4jr 't ^ll L>L>JI oJUb __]._. J.r~i~_> _^Jj -4jm;^II 4jr J-»JI LM_>JI 
4_J_>JI > U-iA <__jJL-%j I j-A (jl £____jj (j I Ju*_j )4_L__ _;l i(jfU_>JI 4j_Li ^jj___>u 
4_jj_. jL_>JI 4-J-*JL_ * Jj-i.. I 4_i_C Jl^JI L5L>JI j-a ^j-u-Jj t 4 jni-wJI 4 if j >.U 
L}L_>JI ^l j_-1 (jja L-_>j_i__. j| L ^j_-_JI Jx_>Jl f± 4-l_- ju>JI 4_lL>JI j 4jJLJI 

.^jji-^l 4jr JL^TI 

J U 1 j Lo (j__ L>.i " nil JjjJI j-jL-Ctj j_JL_C I jj3 (_-J-j (3jL5t__Jl1 l_jLVjJI (____ij 
(___i Lj^jL__ ^Lj__jj_^aVl j--jJlj j£J I j (j-_jjjJI jjLt_->? i4j-_jjJlj 4^>L_wi?l ^ j rilL 
(j-Ja -»L}L>. ^l i V"n,.l ^j^-J e;j_-_--JI (ji-_>JI J_-a j U^lj Y • * \ ^LJI (j..ln . ..r l 

m, 4 ... fi*i l_-_9jJI ^ 4J5-J )4 jm* >JI 4 j f JL->JI 4_jJL>JI ^lc. Jj__i____>JI 
t 4jij;-stl 4_lC Ju>JI 4-J-WJI (jj» 4-jiiLJI _jjJ-> LL-_>. (jr\_L__JI (____ L_-Jte-JI 4Ll_>Ij_qj 
^jI Jl__j iT* • ^ (j.iUi.ir I (j_- jU>JI jljJfl Jj-3 pLJjJI J-aLjua (___. C-jL-i (^UI 

t^t^l^J^Jl LiiJj 

4 io ^--_*ljjl (j-JI lj_L-u tjL->JLl I ju-s (^-J- Lry-^LJI < , ( >> r j 3jjj :JjV» 

- (j_>lj-j.Vl Jja j-lj^ ^!>L__ ^ 4j-__j->JI L>L_>JI ^j-4 5jJ-_jIIj 4jlj3j_JI jjL_-_J1 

JL_J1j l-J-SJIj j__L__J1 ^jLaj — o 4--_^L-_>» _ 4— 2Lil inTI Jj____a_-_J1 ^-J. Lylj 1 *S 

. 3jJ*_->J I j 4 j i^t" . (ill 4jj ir>t H (j__»1j_>aVl (j-« Lq-Ajj-_.j (j jILi-LtlA j jij i n m^jLj 


Lj* U3 _ 1 9 "t^lj _J 1 jouAJIgkaclaJr^laJI 


t 4 >J1 5 ir 't >J1 L}L>Jl LL_>. ___> r.Tr . II 4__t__ tjljjj ^*-^ 1 

JjJu <-i-r Jl __]! oltJI jj__ Lui i4 n jkt II L-jlj__-1 _ya JUjJtl 4-_ j t a j 
. J innW I j__ j-*- 1 ____ ^lt j i ii L_b 4 K miU 0 JujJ Jj-^J 

(___■ (j-u_>J1 J___ jljJj (jjj-Js i^jrt-Sjj-a ^-Jl ^j-^LJI ^in 7t\\ {-Lc Ji-Jiuj 
I ju_ ^jlj i4____ 5j jIt- _>-»1j-~! 4_^J_>. LjvL>. __1c J j t ^ 11 J j i < n 

Jj-J- ___3 _/___>. L_J1 (j_j- 4 i r j (j »jlj t("iT J I _j ^l t II iS~- Jl 4 - J_J- __^ 

Jl>JL_- JL__ 4_J__ _ }___- L___- jL__" <jj _ orA__5_il J___JI |j__ jl Lq__* t 4__>. _M 
_^ it j-L LoLcJ < n jj t-J J^_- __JL_JLj i jL_u_>-V1 4jj_jj1 _-_3j ^oj>.jJ1 £j-_w 
JL_*__, j-C L__sL$_>-J _>_-» ^J 4-j? 1 o ^ i 4 \ j d 1 1 j 4 jJLjJ I ^LaLib ^j .i ii i 1 1 Jj-- 
Jlj Lo 4jj_±j_M (___ tj_____>_I l <jl jjJj__J ^jJj-i-I (jl L*_T .|«_>.jJI (j_« _jg j ~r 1 1 
4_i__lj-_Il L^L>JI 4jj-j ^ jU-kj j *4____>1j 4LoL£ *L___cl _>--Jj 4 1j1*4 L*>L>. 
j^___-L-Jl ^JL) _jrU _-jJI 4JjwVl ^_t__uo (jl LjJ^ .4__Jj-i _j ii i 1 ^____5 JUu V 
J____>. tNj i 4j j ->J I CjIjI j-j ^.1 J->l jl j r j i_jlj_j_i V - j_-o Cj^L>. *_jVI 
i4jjj__M ___) t_iL___-.V1 4 jl or ^LkjI l-4Jj_3__J C_VjL_>a j_o _>__iL__i 1 {jjlr 
LLlj- I _j_L_-LjJ1 j I 1 o ^ i_/_L>J1 J___J I *i j < a j I n i i ii fl I I^jUi V"i Juu Vj 
i3jj__JI I o ij; . LjjI__Jj 4 trt $ -*l,\ \ J_>. 5j SLjJ, I 4__>-Vl j-4 1 ^jlr j j 1 1 n -_j 
dj ^___ ^jJiL_*j 4__jj_j (j ii A j t JjJ- j g B i(j__>JI Jj-J3 3 l nij (_>_sjL_j j_i- VI 
^j o _--5 __>_>. jJI 4_-__>1j_4 __j- (3_>J1 4jj 4-j»j_>. 

jjj___J1 IIla _^jL jlj3j .4_j_i>L_>.Vlj 4 j r 1 o 1 VI ,3>L_- t Vl _-_jL__j 

__j9 4^_L_*JI L>L>J1 ^JJ->u jl i CjLI >JJ>J1 ^-ii __ja__JI 4-*jLL*j ^L_u_SVL 
I jL_bj i jL___yi j-JL__j 4 i -u n V*i a L jL>. __JJ L^jI jj >■ (jjjJ-) (j__ jlj_L_>J 1 

. Ijul ^L^-i.- lj_al (j--jJ 

I_^L__jjjj 4 j^^j-ja-*! 3j__>_-_JL1 jl>LVjJI L_Vj!j 3 j j < __L^j___- jl jl_u 

^_-U*_Vl 4j-_ol JJU - ro in"l CjIjI j-_ CjjJL-udI j-JL___ll1 j«JL»Jl JjJ ^j-^JtJJ 

: Jojj-i-J _>_Jj 4_j_j_j>JI 4__i Jlj>JI L^L>J! 
L>L>J1 __ic Jjj___>J1 l__Jl^j j^J_>JI (JjJlj (j-4 4_u_£ 4__Js1 j_-> j_> Jj jl -) 

. 1 a^jji^w jja 4jC j_>J1 
-r j rthll 4J_>I _yo Lj-J-C J____> JL_5 4j_j-L>JI 4jj_ ju>JI L^L>JI jj£_) jl _Y 

. __JLXJ__Jl (JU->Jl jj3 t*i I iljlj __cl jU lrf->VI 


<-.,mjTj 4______L_i 4__>J _yi cj^Lk jls 4 im i->JI 4_lc ju>J! LjL>JI JjS-j <jl _V 

.^-cl 'U.r>-M jM"Jl CjI jU»! <jjlUa 

.l_Uj *Ijj jjj9 (_jjUI ^im.^TI _-JI _j>ajj 4_LxVLj tj^jj_JLI _jj_L _M _i 

Lr- 3 jg-^jj miUj\j__- — =-l — jJI tjrt-j __ij — >*j J — __ J_-j 

5 if j -nII 5 J — tl JLa— a __- _jL__iVl _w» ■_■■>. II jl -__« __. _jl_-__l_-_l 

3 j r j .-«II 4_xL>JI <__- — — * At (jl i «II Jjlkj _il JtJ^J _►-__-- 3 •■^ti 
._._*_. I 3U<-,I 4_L>- _" I JjJ- 4_L__1 j__ JL__o ( *i nj j-=-T _9Jj__ij 4 4 jiil ->J I 

LjJ*li- __>jj____. (j-a ^ta La ^-lc ^jLsu? 4_L__3 1 J_-_J _j J J -k LjJ I ____U__J (jlj 
j U >J1 J-bjJ <jl J_JjJ u^jJI _jjj__-J1 (j 1 £i-1jJlj .4^jJL__ 4 \ ij 'ty 4__i_c j__>- 
4_l_w| cU_c j_>. L>L_w JUjj V .4 j *j ■ -»J1 4 j r Jl_>J1 4_jJL>JI _J__3__) I _j_C 
^j-4 <____£ J JL_fl fO^J jJ i I g j _> ill _>Ljj_4J J_jj Ls j JL__u 4_! j____L- 

4 ■ j tW*l ( l___*_JI 4_1___>I j-_> ^y-JI 4 j __J->J1 4_j-cj-_»JI L}L>Jl 
_--_ (jjJuStl 1 * (4-&J t Jl j—« _" 1 _>_-- 4 o > ^Jl i a i 1 1 U "n <__jL__j _M _»j__b 
La__T _ orj_l_>Jl _)!__ _>__ J-jJl_JLj Jo-i 7JL _-jL- i-_dj___i |-LVl ^jl 4_j t ^ ; M 
L___" »(nflj ul <___- JULI j-SljJ Joj-^lJ L_Ujj -J_______J I I j__b 4_j _£j __j_ l^j-L-- 

L^ _______ j j-13 J_d 4_4JJ-__JI 4_i__ j_>JI L_>L_>JI JojU^ _j _" _$J__ ^i^it i Jjl 

__»L_-_j_/I £______ 4 j ^l V m a £ya Ji_a_j (_£jJ! j__-i_ , | jJ-J *j-L_M jjj— « j__ 

.4___-_JL l_JL__-V! /v__ ^-A JL__jjj 

^LJjJI 4____j J^__. ^_JL_-_JLI ^JL-JI J5C ^ JjL_sJlj .h-ltl jo"iM.lj 
4jj-jjl ^yJ- jJfcj (j_J->J1 Jjj- 4 j! <; f (____ J (jjj-LL j j r ^_^L__i I 4_L-__ ij_xi 

L___>_J ^ ___" L___3t_jJ1 Jj-*- ^JJ ___-> L-JS jJL-OJ .4_>Uj_->. L-4- I _____ jl i "l --.VI 

J_j — a JjJ CjI -J j^S-w lj-__> j U 1 *.-> I )_fj _-Vl L>1 iJl 0 1r 4_jjj _*j 

Jj_______-JI _jl — SLol j — _u --jj____j j__jj_*j __JJ . 4_i_ L1__jj_jJ I 3 \ 3e " U 4____l_JLl 

l__-s__jJI l__jl-4j 4-__wVl j_l . V -1 ,„Lj CrCi-^. 1 1 1! ,„j _).-ij ^jj u lr 

^^l _>lj__>U 

.f_i»J1 ^M-C _-__ 4-a trt"U __jL_j_ ! 4lmljpo _ 
- I JL>- 3j___JI 4_l__.lj--J _-__ L___» j-_____. . u m *-JI _^L_JI 4 j U - 1 4_3j_lLI 3jLjj _ 

._U__1__J1 __jL_bj____Jl l-jL__jL 4__jjlL1 _oLjj _ 
.j___J,l _)__*Lg_>.VI L-3J tn^- i_p3_^->.*Vl ujl m iiLj 4_3jjl11 SjLj - 


6^U_Ans"kj_j_JI ^j-Hg \air<vd:*ll 


__JL_jLj 1 3j j U ^ \ 1 _)_>lj_a _1 j__ 4_l_3l^ __Lajl t _ ^ljJ ___ 4_iCjJl _ 

. L^w^L-J 4jjj! jjjiaj _)_« _)£_4_J1 jl L$jL_-i1 

. J__>Jl j-ll 4_jJLt_5 j__>) oLti_3 jjjJ__ _ 

__£■ 4 M t 4 CjI j t \ J I 3j__aL_> __Lj_>. JJ-J>-J j-- ___u__JI ^JjJo j_jjJ_J _ 

.^>jJI ___> 4_x.ljj 4jlnr J_l_ jrt-L>J1 
(j_l jJ-J j-J I 4_i_3jL__a _yu_uj_« VI _r--*=>1j_ll ^hta j j " r I __£tjjl 1_L_> ___> 
t 4_t_4_j>J| 4_^ j_>JI 4_i_>J1 ___- ___*_JI 4____lj_l 4_JLo __L_ul^_i_« jl r 1 

4_j__ ^jl-Sj _£ jJI JL>_U I j__ ___. 3j__3___U __LVjJ1 < h\ V ll }l_«L__ 

IjJ<J i nlj 4 3_LjL— O tLC _)1 J i i 4 3_1*"< n a 3.t>" t, I C_)L)V jJ 1 C-_>Lj t^utjjr 
Sjl___JJ 4<LbitLe . jJ__>JI 1 j__. ^Ij^. ^__j_u <____ jjjG j__ ___JI 3j_iL_JI _>c 
4 j cj >J1 4 ^JL-JI ^ cd-L» Jj! oL__i Y • • £. f LJI jjL_* 

4_j__>J1 ____, jVj_ __1jLJ_~ 3j Mir I j-____! (jj_j_oj_vG _M _)__" l_Jj , 4_o__j__*JI 
_^jJ~ I Jj_ Laf 5j_?j_ _)j jljjJ d-S ii*J Jl_ 3jL____L1 4-LUil _)L_ i4 j r Jl>JI 
I <i ii) t jVjj jL_La 4_iL_j____x-_- _j -"1 _,"< ~- ( " i n n 'i I J____ . 4_ljj_L>J1 Ljj__£ 

5cj1j_*jjJI j_4 oLj_Jjj_j 3j____c c_____1 4___L__J1 k 1 11 3j__J1 _r___J1 

4 j r ,'V _*J1 4_lL>J1 __j3 ___* i II 4____1j_a L_)j__f ___Jl JjjJl 0_U_ __Jl ^-__u1j 

t Jjj 1j__ J I i jj\"t \yj -* I i JLJJ i nl I 4 LJ Ij "l i n I t L$_La 3j J J ^ J J J 4 J m i ^l I 
5jj__sLjll__j _)Lj_J1 i IjjJ-L- i \ j___jj__u JjL_Jj__ < I ^ j ae 1 j ijjLLJI ^ci-^J-^Jjl 
_-'c JjLajyij _L__J1 4____>1ji _)V1 L^__Ljj_L_ ___! ^-Ul JjjJI (j-« L->j_j_cj 

it___jJI _n__ ___» _jj->Jlj 4jj V , „11 Lj .3j__L_JI 4_j_L>JI __Jj ___i ___*_JI 

!3_V_w1j 4jjj__ 4Jj_ ^_l_1 ( njU (_-J-- j-i t^i- 


tl ^'^JI U_ll cH t_ftJt ^ ^jm&II : 

_-ic Ijl <i r Jj ((j^jb- 1 ! (_^j___<i 1 j li nj jl 3j__t_i,l t__L*_*jJ1 ^Ljlc < " X i nj ^J 

_) uU i ii r 1 W ^jj *iL>. i (j_i j_ij j__J I j_fl ^lj___Jlj Jj_>J1 lj_i_ _)-a («^jJl 

_>_>L_cj_ Kevin Eggan <j\ _j| jgn j <jj " <jJI _>L.lj Y* *o ^ L_jJ1 
4 jr a >Jl 4 JjJl <___ j j ^ i. _/i s-j (jj>-j Douglas Melton ujjjL-* 

4_-i_>JI _-Lc Jj-u__>J1 _)_4 1j__Loj Ij-tlc! (4_j_u^_-i Vl _jL_jL_ 4 t aLfc-i 

__!! 4_>-L>JI (jj_ )_j^J_>Jl J__ __JJ 4_>.I_>JI jjj (j-« 4_j_-l_>JI 4_^JL>J1 


_;j-^» 


• __jjI _ys 4 «>>^j j_* J>-^>J _£j---t jjlj J jL>_i1 _yo __vL>- 4 i 1^1 V - 4 t^tj^J 
4-JL>J1 JiLa i LoLu 4_oLc 4j \ ,ny 4 jl^l 4_jj1j^J1 _oLU IjjLcI ^jIj 

4 if,U 4 jl^. Fusion lj__*__~_-! _jL _dJj 1j__L*_ jl__j .4_j_JLJI 4-jjJ_>J1 

4jJL> 4-jJlL>- 4_Ji- j__o _ j-_x>JI (J_l-5 _ya JjuJL Lflj j)^ 1" oj _y-Jl _ 4_cj Jl_ 4 jijj-w 

-jLl>J 4 o ,„1U11 ol__p J> _J1 ^ 4i-_L>J1 £j_ __J1 _;_! U~ (YY jSLiJ!) 

_ tMI"i<n t."i-r i ir>? t*"<j -&J cJj->uj 1 ^"i -r fljj __JJU_-l_3 **L-JLJ1 4j JlL>JI 4 jL>Jl 
,( oT ) <t ,n't 4 j i j i ^ 1 1 4jr JL>J I 4_Jj>J l _y_lji- _ Ljj__j 


ii-L 4_?jl> i->l_- 




4JJLJI Aj > L>JI LjMi*J)^4 4 jr/iyi _j^L>JI ^L«_ul £_v_s ( T T ) JS--J I 

.5jm_>VI 4>->^j 3jLcV 


t"t"n J Luajl L4-I Lj_S 4 4 J 41 1 1 1 1 JoL-uJ _"l J£> Cjj__* 3jL-_ 3__^L__0 _ys L^J L 
J_u_ 4-j--_-_j JL_>dl IjLA <__£> iStt ill jry_-jL-U jjjL___> ___5 4__-ljJl _y-c Lc jj 
4 jIt-11 4_jj1jjJ1 -oLU _jf jJ__ Oj *__ <^V"[1j _j j " ^ LJ I £____jl 1 .g^ j .(j___*J 
4_^JL>J1 4jl kJl ___> <__-JL_* 4_uljJ oLa __JI C-JSB-a^ ___JI 4j_JLJ1 4_U- j_>J 

4_J_>JL _>__-->J1 LjJI j 1 1 3ji "mU 3j_-J.I _,! r c____iL>. i4 j iji>) 

La-___ __Jj _jl_*J *4_*_jaj_JI -oLcJ <__-_ 4 j m,."Uj 5j a-aJU 4 jiji^Tl 4_^__>J 
(J_sjj— a J_> _yi 4 j ij i v 4 j r .__>. L^L_> ___>. jJjlo __J1 jj__j * Ij_jJo_> 1 j jU 
(jJ-- (jjl 4_>-L>J1 _jj_ _>*J t4__.mi J-Cl _La _j-« c__j_>J1 _jj_ _ya j_b 4j _>-»->- 
(j_5_jj__It j_L_->Jl _>__ J_jJL>J1 _yC (j-j-C __J_ jij^ i 111 Ljl L*f) ,-^j_uajG (J/lLw 


*__*S U_> U 1 9 huuLj __J I poaJlg '^jr '^jItII 


0 <al J La i4_j_i_j jjl j 4_jj_J/L>-Vl I I j j La-3_a t ■ < n mJ Lg--1 li_j < nl Lt -l- > Lj 1 1 ~ jjj 
O L^jA__- Lj (j-uL_u_A (_£l 1 fl j 3 (J-ujJ 4__jjj__u L_jftL>- 4j L i-»J1 4_j___ J->J I 4_oL>JI 
4_JLJU oL____J1 (jr-^ Ijl --ajttJ (jl jj_L>.L_Jl J_jU"i < uj ljuj .(jjjJL jl £_*__>! 1 
_jl — dj_-_>. j_j_4i__>JI 4_____ 1 J-*->J ^jJL__ J_____ (_-__ f_£J !__*_> I *1j__>.V 4__ajMJ1 

3 ju j_>J1 3j_bLJJ 4_j_Li__>J! 4_^ Jl_>J1 L^L_>J1 _■_!__ ji » LU-tJ 1 j ^ jj . Ljt hj 

LMitU 3j j «Ilj 4____L>J! CjI _ loIjJH J-4-_*_ i5U_JL 4_jjL_>_ -_JL>. 4_uV! j 
LjL_>. jru j_« Jj__ L_>_j___-I ^-jJI t Lg "i -- 5j£LiII 4_j__j_L>JI 4-j_c 't ■*,!! 

1 jl_j » j-aJJl Jjt.4j JS___J1 ____. L^il^ .d__uj__J 4_J_-1jJ1 <jj_L_J| 4l"<Tl 

U_C ,4-^ ^,,11 ^jm^II 4_j___JL>Jl L}L_*JJ 3jj4_tlj 4 n <3 1 1 Cjlj-j^Il j_- JUJjJI 

(_t1 _ ^JL! j__j _ jjU__3 jl _____ Pluripotency 3 j__ljJ1 3jj__J1 L_$jjJ L$_l 

cjI £ iUU 4jjL±JI _j^/L>JI ^-s L_ jj_____a ^_JI 4___________II L>L>JI ^j o > 

._jM_j1 4_j__j_,j_>ji 4_ J _ij__>ji 

4 j c'\ >J1 L}L_>J1 (jl 4___ JsCj <jjj__jj jjL__jLa (^h-^L Jj_>- ^jJI j->sVl 

4__j_IjjJ1 3jll! 4__*__4jj 3jL__! _____ 4_Ul__1 3jJl__JI L-^jjJ 4-jj m i J1 4_i__j__>J1 

. L__-> U^Lsjj ^jjtj j^_>. _JJjj 4__JLJ1 4jj___>JI LjA_>JL 4___L>JI 

_.jj_j __j1 U_Ll>.j 4__JLJ1 4jjUJ1 L!j__U C_JL_- ^y-JI 4____J1 La .jSJ 

$3 j_U1 Sjn^t! 4_U jll _-J1 

4_J_pjj_j ^_jlj__ 3>- ^JJJ-LlJ __J i__)L_j_>Jl _____ (___- j-o_vj 4_1_T ^jjuOjII 

J-_jl3 _j_1j_>JL- i 4_J_>J1 3ljj J_>- 1 _ (_d oLjJLj___J1 j! _j 1 j t ■ i n ! L __j__j 
jlj__J! L>L>. J__>. m;jJ1 L__Ja .4__)jJi (___ 4jLc. 4_i_l___«j 4 jUj «-«j *i!j-cj 

u \c ) S 4_jj j i mr jllj i 4_jjJ^ 4 jK llj i4_j___Lj£L_j ^yu Lj _, i J 1 j t 4j J__Lb 
4__Jj>J1 (j£ I _ i ^i^l t5j_j>-lj5 4_jj1jj 3jL-a (j$j -s~ 1 t j n v L^j I ^j__ ^<u_jJl 
_jlij> (Jjj-LJi 4_jj1j>I1 L^SjLa Ji-lj Jg tj V _. >_L-i 4jjL__bJL£ 4 .r>V"U 
c_ljLL_jJ I il^rt _j! ij j-_a , 1 ^ L—j j <"> ___Jl _j! i j ->J 1 ^-Jbj tl *r j t i 

4j,i i < 4 jlv -r . _l_jlL_.j3 iMaintenance genes < jl^Jl ^j__>.Vl 

1 g j B <"< o i nlU" _ 4 i ii ni ____jjl ^-ii - 1 a jj ) . L_ol_4_ 4 i r\ i ^ V " a 
jl ^_L_o 4-j-j j i i^r 4 jl->. 1 ^! t Vi ^--Jl l_LLl_>J1 Jj_4 i L £j-_-Vl l_L__j_>J1 
^jJj J_vj_j ^oJ tjt (ilL 3 j j-->- j— - 1 _jL_j_>J_J_i (j_l . \ J__->j 4_j_j_jLj___1j 

j^j o *w 3j— - 4___j1_3 JJ_j (j-jJI l_j L_jjjj J L <"i i ii q U ^Un "a 1 (jKT t j j 1 11 


J-l_ (jji L^Un^a lLjjI JL_J iL&JI 5 minVitl 4j1 Vl1 *_>-L>. V ^-jJI l_)L-l>JI 
t^l^j Lo j*J->* (jyl^- LdbjjJLj l_^L_j a4_>-j J-A-il <_---*- - ^jij i-*. C-jL£ UL-"** - 
^--Jl t L4J 4_*jljJI L^jLJuijLuoj 4JLj_J1 <jX. 1, 1 j t t <"i o i_*> <___ 1 uj\ ^J 

jjk J>- jjieJs jl 1 1 ju I L_$_> ^jJ-j _> I L4J 0 « i *r j V Sjjii^ p Lj___ 1 L^jjs < 1 1 1 U*> 

J-AJU (_£jJ1 (J-XJ-J-LI ^^j-J?E_J tJ-Jl mi I J? L-JL^Jj-_JI (J.I^U l"!^" (jnj * T 1 

4_J_>JI cij-^' <^LLl>. ^j-oj tjU clUj c_)JL-tjj .JL>_M (j_-jj___ Iglor 
__LLjjjj jIL 4j j I \n 11 j j f oL_j — >J1 ,j u n Vt ^yLc J n t 11_j L_-g m <i i 

_>_; L_~U_i li_jL__ jl_» jj__- Ijuj -^j-i-t ^jjJ^jj Methylation 4jLj__ILj 

(j! ^-Jl t _jL_.lj <^klL) ^jjJUj t_jljL_-VL *jLJLI 4 jl -"fc.1l ^-j n. a 4 1 , m V 
c_>J_j nZi\ ij ->JI Jjj-3 (jwa JjJ<_JJ <j^jj__jJ1 Jit___*_jj V j rjJI ^jj «i^-^t-J 
(jjbj J_jjjo (j-^j I fl jl r j— <a ^-iJI 4jj n ~kJ1 0 1 < j ^ J I 4—jJ-j ____! 3l j -kJI 
-_4 Ju I j__ -JJU5CJJ -<j_«jJI ^jj- 3jLj_jlj j____JLS> <jL-JL1 ___ 4-l-j m.l a 

4 jl ^JLJa . 4 j r \ y 4 j ij \y 4 jl^J 4_j_iljjJI 3jLil <____ 4_jjIjjJI LgjjLa 

Lo n?jjVt iL>.j___ tL___- i LaL_ LjIjj L*_cLjj < * 1 1*i o" 4_l_,jl_*JI 4j m) ->J1 

. ( j__i-__5__J I £_*1 j-JJ J-aIj-C- J-> J4 t tj JljLa JJaJJ jl J_" J^-J-J Jlj 

4_lL- ^ j '< j > ^-ic J-wju j£LJI L^jJj-tj 4jijj«»Jl 4 jr ,*V -nII 4-uLkJI ^-A L^S 
J^Vl I flj - < _ 1 1 1") j . JljJl». ^j^a 3l_j_>Jl L4JJ3 j**(t j"j Lj M!t j"*^ i 4__JL 4j JlL>- 
L^*_jJ_ 4_^lj_lll 4_^JL_J1 oL_ojj-jJI j£C 4-i__ j-*v___l 1 Ijpl jj^w. (jj_3 (j^a Jjjjj 
4 <iiji-jj-a C-J L_s ^-JJI c-tl ij 71JI j $ ln*j *^ t IjjJ a c j_at_j L-^J 4-JLl_-__LI I J jjVL_C 
(j-^j JJ_- L^j 1 5 4 ,j_jJ I 4jj-_3-J1 4 f\ 1 11 ) JuJL>- _>_fl (j u— 1 j**nj Jj_3 -j_-J 4_—ij 0 Tn a 

4JL>. ^-Ja oL_ij>JI J_? L_^jjJ __L jl_ ^j—Jl L^Jl_i ^j ^ >ll j 1 yij t j j * \ 

jljll (jl 4-L>l tu n ^j__jl-ojJLIj . _JJL->. >L u Ut "1 _) m AJU j»L jl, V t *i i»l 
JjljLllj ^ n.iH J_-»l j_iib (l£JJ_Jlj 1 ^ if j j 1 1" 11 -t_j__> ^j) t4 jij j-^ll 4-jjI j n j^ II 
-LjJ_>J1 j-j- 3_.j->.j_« C-Jlj La i4___>L>- t Ui nj l_jLj_-_4J j^m L_jLjjj_>-j 
*4JJLJ1 4jJJ_>JI 4_J__-J1 ^jJ-l>. j_a L^ljJLol JL_jl_J IjJ .4jiji^!l 4_l-_ Jl^JI 
^j^a j jt"*4 * 4JlJLJI 4_iJ->JI |-jJj>- (j-J-- J-*-*J 4_jJ_j_L>J1 4_J->Jl l_j Lj _-*_£ ^jLs 
^J j-^J J 1 4 1 j**jJ J j l_jLlj_>JI J<i -tj (j; JJI (_-JjJ Lq Jj-~J 1 (jjJ_5j--J I J-L-o 
4__c j_o_J__« jt 4JJq L_-l j-j-j- oLu_>J 4 o i.^IUU L_jL_-pjj_JI J_L-__ ^-A j j i*i 

jj_- tc jLaj ^LjI jiCJI ^jj-L^JI uL_l> L_g-La ^j MLj Imprinted genes 


_j_ U3>'U 1 cj "-*_*_-• _J I puoJlci \jp±aJl'k*l3rt\ 


l_j ljL__jj < (J_olj__J 4___j-C, ol_l_j_>J 1 _>____> -r j i rVij < n n ijj j o ij (jL_* 
JLLa LgjJl 3 j-t <j ____ <_-jJ1 Lgjl m*k -_-3 < ii Lll _)_-ilj____ ,Tr*i"i*3 -SjUjLi- 4 j iji-w 
4 j*iljJL>. <j-l_>JI --r"i rtj 1 ft \ ir _ 4 j ij ]y C-_tL__* (jl JL__-a . Ui i*-JL _ <JjJ--> _>**) 
I ^J*4 "ULt-ujJl (jj 1_J i3„Lft-_j Lcj I i V j« i ii J-Aj 4_lL__j ~-j_*jj i(jO_Ly3_>J I 

__JJ Jj-^JI _-__- 3jjl_IIj 4j^JI __JIj Cj _J __J1j 4jj____JI __JJ 5jj__ 

lZj I i j Qja 4_jj-__-J _j j 1 t **J L> J 4__L___ _ 4 jJ_- I __J1 J-__J jl ) 

__il1 4 j 1^1 l_a <j__J . LajujJ. ___JI 4 jl^ll ___.!- _)l !____-. ^j tVi . gj _fj___. Vl 
-c__c Lj_> LgjjJ i^j_jJI LaLoj 4 jiji^- .c_3t_j___l _) M oVL 4 t!L 4jjlL>. <______ 

_)L_3 !______j * 4 i _-. i r> -V " a L*>L> 4JLo jlj-J Lo J-_T u Ut jl 3__L>.J J-4__T 

1 ,"j?J JL_4_____>Jl I l___-LJI L$j1 Jl_- Lj __5j__u . Lj_____»L_- *-jL<_} L_j_u__»L__-a 

L}L_=-j j-jL__) _>_4 4_jjjljjj L_c J£ . .1 a ~ >1j -__>• _-Ja 4_L«L.«JI j___sljJL1 

|-j-_J (j-jJI SjL_«yi j-l-_jj 3j Jl_L» VI ___- Lo 4 j I o 1 1 1 j . 4 tr* iri-r*ifl 

4 j-»-j-jJ1 ^J _)_4j ij j j »"it1 ^_j-_> (jl i^L-II jnm -V*i T I j_-_j 4 j in^r 4 j 1 0 - 1 

4J_T jJ_LII _jiji jJI __^L_JI ^_jjL___ 1j_____j .^L_J1 c_J__ _>_>L_*»JI j__-__ 

Vj i 4_J_- <J_i ___ J_-_uL__J1 j^J L->J I LL-J _-J_ ^juiJ-l- jL-4 4--1 _J__jJj iJj-J>.J_A 

4 1 1 j y » ! I _gj i*ii iJI f* J * J 7* 1 1 ljL-> Jj->-j— 4 ^i^r^ (J-* ul L___ l_*J jJL-u 

S Jjv JljJI (jl__joj 4_3jjtjaj 4__L__i__"l \ \n a£ 1 ijlr j 

imi* # i.i t iin a^c^i u4it f u«t u*c ^jt <_iu&-4t 

Fusion experiments 4WA_* 

(j_- 4->_3L_J1 4 ji ji^l l 4^_j___ J_-_>*J1 4 jLkJ l _jl __^__x» .JjL- __JJ 
l_4_)V __U1_ i4 j »j jj r L*>L_>. ____*> >4jiji> *-j-C-V 4 jlV. (>Ll_-s 4jjJ_>.) 
__4__ ) 1 j t ii s> W L_4-> (_; ! •u_*ij1^ll L__l_T _)__ oL-u__) 4_cj o ~_4 _-__ ^j-_->_i 

4_iL>JI _____ _, t j ilnll J J-t U (____ 3_L_j Cj I j t j m 4-Cj -. 7- a __!___ ^jj__>u 

(^^-Sj^Lo _>_; l_-p-_JI _-_* LLL__i3 c -_JI __Jj"VI 4 K Su ILa -dJjJ .3_j___1jJI 

iSj iiVt,1 4 j_j-L>JI 4 j r Jl— >J \ L*)L_>J1 (Ctl j t 1 ^j_L_>. _)_>- L4J _)_-Lk___ 
V I J_j__u 1 4 "i -r fl jj l-J, \ jf 1 jJI *4_JL_J1 4jJl_____>J1 4_J_>JI ^j ij^- _- rtjli u'tj 
JLi. _)Lul U_-A_o_' _)L_ 1 jJ )l_Jj_> __lJ1 4__tj-j j__J I 3__L___I 4 j I 0 t i (j_.L__.u_-a uiJ -rj 


ftjrk?H 4_lfrM 


_ SjuljJl 4__u1jjJI a_>LJtl ( jL t 5K m, 1,1 JJLA __Lc J_>\ -r **ij ___j___w 4_i1 

jjll 4_i_->c J o "Kl _J J__9 _ 4_4jJl_J1 4-jJLijL>JI 4^__>Jl 4_lL>J! L__ LLa (_-jfcj 

. jinl^JI __Lj__* (jl_> 

_r^J-* o' *5jujl>JI jL>_VI 4_ajjj_> jj~*J _-j-I ^j_vVl Cj^^K mi 1,1 _j o f >> _j__j 

I jUlg- _/_a__ i4__JLi 4jj « 1 __j VI 4_3cjvIj 4ja__-j J_- 4_lL>- _j!r I jJj__o_j ^J 4__tjj__j 

4_j_c j_>JI L)iL>JI _>* j-a 4j_JLJ1 4jjJ_>JI 4j,i _-jJI L>L_>JI jro>Lo 

3 JU Jljw 4_J_- _-J-C 1 jl___*_ Luj__j ^-^jL- tu. < MiLLa _gjl o j ^ ______ j _-_J 4_tijJ_*JI 

_jl clrv_ * jL_>_j_*I (___ -i_5t_>i_ 4_J_- __Jl Ji> ^jj- I ^ "i je ^jj __, i j r I 3ju_-Ij 

<j_- 4jj_9 <"< i ii i\ CjIj_L_- ^-Jl £_I__j Jj i_jjjJLj LJ. jj n o _)-__Jj < i* t«_> (jJj-LJI 

) JUjj _£ jJI ^L-jJL ^jj _-£> (j^jjJlj __-_-JI 

k>j1" -j ^Jj 1 m i-- lj !il Vj ^J l_5_»L_T jl j nj^ ~t -_.L_J1 <jl ____ (_£j_>. _M 4 K m>U 

^j-__-i (j-*-L>* J-__ _)-a __<;_>. 4 jiji-y 4jC j_>- 4_j1>- I j a.l V*i i ul _JJ_ j_d ^C^-Lii 

_-lcj IJjl-JLj J__ jlb j 4^_i_JI ^^L*J ______]____> VI -r j 5l"ilt cj! jl or __a i V"m nl 

4 J ij i-w 4_L-_ j_>. LjL>. Ij-fl, V -_J i nl ^-4_lj L_U- __JLc IjJj LJ1 jl (jA ^UCjJI 

4_i_-__>. Lj*L_-> Ijja, V VmuI JlS 4j-4_J1 (____ ^JLii *j__a_>Jl J_iii ^j jJ ____£ 4 <u Jl_ 
La _^__>JL |_^luL-4 ^ JL-J ^__a_>. _)lj 4 Jt _ IL 1 1" 4 4_L>- 1 _)_<a 4jj___j 4 j ij "^w. 

. 4_v_blj 4jt_-. cJlj 

ojjt 4_^L-l_*_Vlj 4 , ^UTI JoL-.j^lj j>L>.LJI J,S- ml J___6 Loj 4 C J 

l_jL_-jJLj ( 4j_JLJI 4jJL__->JI 4_lL>JI 4j?__«jj 3jL_-L 4-__>L>JI SjljJL-hJI 4__j_)_t_Jl 
jc_j_-_>I Jii Vl _____ . i 1 1 r> i i V j_jj (Oj*JL- _____ 1 Jj-J-C- J-3 ^jI Ijj i "i r I j t jJL 

__JI 4^L>JI _)JJ 4 jij i^.11 4 j r JL_>JI 4_ji_>Jl ___-. Jj______-Jl ^l_LaL jVl 

. 4jj___J 1 4_l__jj_J I 


d»-M«^M v -__^cAri 

4_tJLJ1 4j, V i __>JI 4-tL>JI Jjj_>u _-ic _j3e j II 4-Lj__j (j__u£ 3j J__La ' " ■ j 
jj_t£> JlJI JLi_-l j)jj j"^ _r-L>.L _)_o 1 o r j <Sj__j a 4j * j i -w 4-j_i j_>. 4_±L>. __JI 

i j_cKj m. __j- J__uL_JI 4_ljj jS j_-» j^a Yuri Verlinsky L ______!j ta _ J -_ ^jjj 

__i_- J_-_-->. 4_i1 i_)J-J 4_jJ-jJj>_iV1 4 o i^Lj-J1 ___J j-^j__c ___ j)J__1 _;jJ1 j 
LjL>. 4__5e_-Jjj 5jLc,J _jjjJo (j__ 4 j i j i 4 j r JLjw L^L_- _LjJ___>- (j_-5 JuJljJI 


"d-jS Ui> U 1 9 *_-i_j _J I (^uaJIs kjr ^jl^ll 


4^J>- 3l jj -_- lfl Je _Q JjL> -JJjj t *a_jJL_>Jl L}L>Jl JiLa 4 *aJ_JL 4j V . ■■ > 
4j l ,,i ->JI 4_jJL>JI LjjIjj 4 j .m" LjLi- (J---C J_____st_- *i_^>-^t 4 jiji> 4 j f _!_>. 
4 j r j_>Jl 4 jl^H _>_-SI m ^j oi__LuD J-a_>u 4u1 j lI_SjJI I ^ j< I t4j-vl-s.il 

4jj_ii_j oL_-j^ __JJ 4_>-l_-»JI _jj_ (j_-i __JJj iSj-** * ^ - * " -- ^ jl <^>Vl 4 jiji ->JI 

1 fl"i /tlj (ji n j _* ^jL_u (j-« V iri r 1_a__ . JL____>JI L *>__*-. ■ ,ii" . u\ ^jjJ _>-- jt 

i4 ltt g\ T* *o ^-LJI ^ LJIj^ui Allan Trounson _h-__j1ju <jVT jj-£j-J1 

4 j r -Jl_w L*>L_>- j_>q 4__JI_5 4j J __i_>. j L3 L)*>L_- j_i3j _>_~i ^jSL-u 4__! _>_-_! (j->- 
l__-__vj _4__-J 4-tJLJI 4_J_>JI l_j__-o__> J-4->u L*>L> l_JJj (j_4 j_l_£) ijL-J 4 jiji-y. 
iPluripotent l_jIjjl__JI 3jJ_J 4 J . r>L> _--^J t __JjVl 4jiji ->JI l^__LU3_> __JJ 
(<-_ tdj£L±ll 4 jiji>Jl 4jr \ <y\\ L>Lrte-U 4 jn jUjJI L ^L___j-JI L$jjJ o3L 
l_JJ_> (j___-_JI Jlc. j . ^Ljlj LaJu-j j--*-T (3---- '**'**' l_U j _j____1jj v r 

4jL 4-kV ... >JI "-__J_>Jl ^jij > __!__ 1ji_u ^JJI 4_jc_cj^JI 3jL__1 jt j j i "J1 
3jL-_V 4_* l>"i , „1,1 4 j h (7JI 4 j r j_j>J1 4 jI^nII J-w1_ «La g._j _-J» 4 y j "i*t 
J^ miII (j-4 j JtJJ i 4_-JLJI 4-J_>Jl 31 jj _-j_ jJJJ (jl j»j tn"l i gj JJIj i "*_*_* j_J I 
Lc-4 - Jj-5 (j-a Lj£_ L*_> _ LjJI <J*-=fcj ^jJI _-_IjjL-Jj_xjM _jt\jjj_l_J ^njlAjJI 

^-Jl 4jj ... -sJI 4 jl >JI JUjJLa tL ,ij >JI j j ■ t "II 4 j U r (_-__ SjLcI l_jjl_=_j 

l_jJ-Oj . 4_i___L__Vl 4_ij1jjJI 1 (T^ld} (J-"L--_11 (jj J (j-a (__JjVl 4 j j j i ->J I L__j1 jJo I 
4 jr j -Ol 4__iL>J1 ^jMjj *i j f ,1 (_-_d Jj_>.j__4 ^(_--__Jl I juk (jl ^-JJ , 1 1 i tj-_-fl 
_}j_>.j-x La I j m) (jl __JJ < . 1 n u II lj_c _yjlj "1 t n _H (j___ujljj (jl JLjj i4-jjj__>JI 

^s_cjj t o___T i^j*t>Ljj "< j l-JI ^3 (j-«jJj 4 jjjj-yjl 4 j r Jl_>JI 4__iL>Jl 3ljj (___3 

_)__. 4 jjji -sll 4 j r jL_r>J< 4 jl->Jl 3ljJ J in 4 L_JJj C__utj . _,< < nilj j 4 
___J1 __-A L_4-l Jl_> j_£> t"L__jL_-J1 4jjL->o 1 ^ jlr _;j_j> l_a ^-j!>Ljj"i j M.TI 


fr(_____JI Ij-A (jlj t^j*>Lj"ijiiitl (j-u-Jj "LiJLJI 4j, V mi ->JI 4_iL>J l ^-j \iy 4_J3c_Ajj 

Nucloplasmino^j^jJ^j-L-JI u o , __> _ Ijljjl_>J . ja 31 jjJI ___a _ij_>.jI1 
4Jj t n tl -jhitl __Jj l_> j__Vl j__ _j__Jjlj_ j j ... n"» (j! j-*aljJ1j .(288,53) 

4 <ilS"ia L-j I j j t "1 1 4 y j-u _^j_>o 4__te_>»j-jJ1 3 j|___ 1 jl jjl fl"l1 (jl _ya La j 0 r 
4_JJ»J I Sljj) 3lj-_t1 _>_j L_j*>L__L___i L$j Jl_>J __JLi_j>JI j j j 9 1 \ 1 __j9 4 j*4l t" 4 
*a_Ljaj>Lj"iji,itl 4 m illj (*a_3_-4juj| SjLcl __J- 4_4> J V. ,,it.l 4jij i->Jl 4^ j_>JI 
1 j-A (j_« ^JbVlj .(4j, y ,„ ^JI 4jlVll 4-l»j*>L}j"jm.I1 4 mjU L_A (j-^j) 3j j t."ll 


Hiroshi Tamada1jL_-L_ *lj^_>J 

Jryij^Ljji^ j j 1 1 1 JLl__JI JJjJI 4__i-_ Ij-liJ? (\j i^jLLjJI ____* J| <LSjjJ3j 

4j_JLit_« L^jI jjLHJI _*_JL__, J___>}UI (j-*j . ^™^ 4_?__o j-JI SjLcl 4 jUr __-_> 
(_r- Lj_-I'jjJ 1 6 * A ur* u~ "*= .'^ 4___ljj»__)j L__tj__aJjj (jLjl 4_j ^L^ UL I j i m) 
ijLi. (JJlII j-A 4__^__jjjJ1 ^j>L,j" j,m <j1 j-*> '_-JJj- <J5s_jJJ1 ^LjjV 1,i ;!"<,, .1 

^j>L>j"ij .ull ^jl < ,j , „11 (jjSL) jlsj tijB^ojjJI SjsLcJ 4jl o tl l_Jj^>_Uj JcL_JI 

(j£j->o L*j LljvjJj-xjJ1 L^jI La j o r * 4-C j <i a 4 < ^JJJ _)-<s _j__> (_-JJj- 4-Lv _--fl 
Jf_ l_jIjj1 jjilll 4 oK jj Irn LcljIj IjlSLaj )4 . n n*> SLpJI JJiJ J->L-U jL_J1 _y- 
4_> *(_---- J£ Jl Jt j A *Lu->L> 4______-!>L_J1 I gjlr (Jlc ____JI 4 «iKtl l_JJj ^_-~-L 

_}L___L__j ^j^L)J~i j i n 11 <j-u ___. jj - "II jjfc Ltoj jL-Ja-jJ1 jjb Lkj ij-jJuj jl inl 
VI jJb La ij-A-M 4 nj n-_ ____) i_$jJI 4j1j ^n^ll jj j-t-Jl JjuS t Jt nlt VLt4 

. j^AjJl _>>a £jj 

^t jtl t C-U cpi **tj»-t ;*kt **_»§ yUJu 

(j-ojj-ja (j-4 4J_1L 4jJlL>. 4_J_> *)L_ua 1l_>. Lj i4_ol r ojj i_)VI ^j In~ i yj 
(j-o jl (Jj ~i iitl -O j o r i r (jlaj^oj l-jI m * <j__-jj__-} _>__ jl j ^ ■ nll 

(j_-UjJLI 4 j IV £-*JLJ r<j i(j__»lj_jaVl _ys L->j j r jl (jlL-CjJI JL__J1 (j_ajj-_* 
J_v L^L>. Jo_>. ^j_« c-J^Lk (jj-^J JL_S t4 j ij 4_j_CJl_>> 4 jl-*-. 3l j_j 4-tJLJI 
4jjJ_>J| (j-_4_jjJLl 4 j 1 -y. Jj_sc-jj c___j____i ^LjJLjj i La (ji_L>- j_>a 4 4J J 4 j Ijj^ 
_>jsj .4 Jm't-H 4 if,'l y\\ 4 jl VII (j_3j1 m ^ J_4_=k3 4 jl^ ^-Jl "LJLlLiJI 
^jL>J1 ,L>oVI ^ i j i'< V 1 1 (_--_ 3jyJ-->J1 4jm'tJ1 4 jr Jl>JI 4_J_>J1 ^j U"i t ,n 
^j-Jj < jj___j 4 j ( iiL^-Llj L^L_>- ^-Jl J j t- jj (jl t^JLJjj (j^jJI m 
^J- Ci* (jrl! J? '4_ijj t tnr LM_J-. ^.Jl jl <( ^____JI ft ljJ1 (j_3j^o ^MjJ >L-1j» 

^j-olj-^ i ji (jiiLcjJI Jl mJI jt jjij <ri*j^jL (j__*jj-_« ^jA-jlJ ^JLI L5L>. (j-« j->J 

(^-jJI (jj.1j^oVl (j_a L-»j h -j_X. jl L_;j-i--JI J.*ii <i llj ^lirtll ^M-C j! k , 1*iTl 

4j_-jj Taylor R. A 4j1 jjLj jXu£ >Li>__9 . >L_l--",,,^ ^j^? I j-*l U^->Lc 
LjM — i- jj — >.j ^ _ 4_jjI — ^Ji LM — >. J_jj — >J jj — -"-jjLh cj^i 
Prostate Ll " i^jj-JI 5 JLC -- J , ,i ) __JI Mesenchymal cells - Jl « j^^j-j-- 
J YS *) 4j'ji-w 4jr 4jlv > l4_5c--jj jjlj -_JJjj tissues 


4 rt "iU 4_jJjjJI j 4_^}L__- _ 1 ^K.UI ____! 1 mU" J___J_ _>-_J JjSLj __J JL)j 
( 4_i^Vl Jl^ _ya 4_u_l 4 iii L>JI 4_^JL->J! 4 jl^TI JJ__ Jj_>- ( 3_L>Jl J-u^JL^ 
_j__JjJJ L}L_- L_1_>J ^rj_=*- t 4___Lil1 4 K -L a LaLgj Ll__L>o J__ _)j__> L__jI Ll__J 
Jj-=- objjJlj -__UI __JJ j -r 1 V IjUj i JljJLjw ^j-a 1 -r ajj LjL__1j 4 i n ri*l 

^ L>UJI __JI £___*_ Vj ojJ-Jlj.hnill t ,,; T Vi ^ ^LULI jl^l 

Jj_1 _>«J I j--> (J-* lj ._>-__Jl_> _ _>_UjJI ^ i J_wl J __JI _ 4 1 1 I iM fl jJ- U-J j3 

l_4-i |CJ-_ljbal JLc -_j___j ^_Laj__>- _ya I j j I U j _jl _jj__vLJI ^J__i i nj JLaj _y»J 

L__- L$_J . }LU ^-Lcj 4__j J_Lj 3j_4_JI ^jLsuI Jjj___J cjL__u _y> 4_JI _)jjw_l-_j 

.Fusion experiments 5j_*iUI j-Laju-M ^-jjL>J 

iiii .fiH 44_*JI J*_*t_U J_.f4.Jt 

__|j l^JjjjJb ^ 3U>gi J>< 5Lj->JLi atnri IX CJlj Lt LjLi- _____ Jj m^Jl -\ 

iJj_ULj__Ix« jl __Sj_l-_jil 

_ya u tj iU jj__ JJLC __lc ^j__>o 4_L>. _M ^j-a JujuJI _JLj__ jl pLJjJI JUwj 
JUj > #j tkC Q-a La 4j_-j_- ___■ ^j_L>Jl j-aJ <___£) jj (—3 j__ I o "i"- __~Jlj * Cj La_j___J I 

L>L__>JI _>* 1 Ujl-- I ^li-L _,j__>J 4_L>. _M _,__ l—clj_l lJLLa jl 

n jAj ol j _ i u-Jl _>_* 0 i j JaJl J_a__Jl JJLaJl i^J-^j 1 $ La _>-_*-) ,M0Saic 
4 j tj iU j-j-C jl 4 ^ jl i ii j-J-C Lj>__- m£j_j_j j_-VI _) >i * 1 1 1 j i_)L__j _ I ____ I j t 1 1 r> 
__3 0 1 j t n T I _JL_JI 4 njLnj 4_Lo_i Lj^__*JI J j^ j »LJ_JI J__L__I .^i nnll JJuJl 
4 j r j_>. Lj>__- __!c. L^La Jj_i___>Jl 4 j aj 1_Ajjq_J L_)jJj_t_3_ t Cj j <i 1 1 JjT _n-^>- 

yja Zuker & Landry ^jjlj^j j__j_ ^Ijj-I^jJI 4j jJJ____I L» 1J__j ^im'^ 
L-jjj L2>L_-l L jJ_J I jjj 4_j_Ljj^Vl 3j_5__JLI oLj_jJL> Lj djJj_T 4jl_-L>. 

J«i V L^jI _ _j ^ i ^> V ~i g j-j_C jJoj 4 $ y j _ya _ , V r I 4-flJj___Jl _*Jl_> ^-Jl 

0 _ l_U_ .J!>Li-Vl j _J_1 j_cVl j 4_^U__J| ^LjSU j! oL--u_^I jj_L>J __L_.l4-JI 

4"j <t jl CjjJLI L^__jjJo __ib 4__>.l (jj-o 4 j r J_>JI L!>L_*JI L^La o_j_=-Ul 4_L>._I 

SLpJI jjL_ j__ _rL__>JI <j\£ l_J La 4_ij_«_x _jl ___ J_L>. u >»t Jl _>_Jj . JjljJLi 

__ic. _j _n__wl_J| _j>>t ) (jl VI . 4 < n 4 jlpr <*i i ujT L$j \~t i in" a JljLo ^_| JjusJLj 

__illj 4_lJI L>L>JLj 4___*L>. __U__-lj ____. __^j___J1 _JI (jjjJ-JI __^ ^4_L jJJj 

. LaLqj _7_L>JI Cij-o JL_jj __bjj4_- 


jSCj*^l jj-- _^jo^ 


Cell Biopsy of still - 51_lo>Ji juL_ ^yJLc -Ll>>i ^ a *n ... a^-T 

: living embryos 

.4J u-9>A_iJ jl jlj i^>l 4jI l>J->J1 <j-« L}L>JI ajuk JuaJ loJ_^_j Vl -L>j mi) 
^ujJ 4_aj^JoJI _* jubj. *to__ ju> L *>!_>. Jaj Ui^ LgJ-o ~hjo __£ b*}L>Jl 0 _Jl_> ju>jjj 

L$J Luj-nj jjlj V L__.j__;j L_3>_-Li L-$jl Lu_£ *tj^L_L>Jl (_____ 3jjl__>. L^oJ_. 

uol in a _j__Jj__-i "T^Lc ^yS l_Ljj J «J 1 fl al, V V j i »1 ^jl mi~ij J-A l>^J . jl U-*-! 
^-Jj I m) (j^T- Mi ^j_« j*jJl J-UJ 4 j r j_->- L*>Ljfc_i ' "'J ^jL^JL jl J^ r.iJ-J 

• ^ f ' o^_j-N 

t Nuclear transfer -Lc jJm 2u_o>j <__fj 3tf juw jt 3jj>ui -u jl__>» 31 ji J_u -r 

_w-t *L_JL_>. 4 '^ijjj ^-JJ 4j.t t U 4_).l ( m y\\ SljjJl J---J l_Ljj _£j-_3_jj 
">j---_ cj-^J 4 _-$J ^j-^L^JI |*jMjj " J miILj 4 \rt n ~ -r a 1 g K I tj-JoJLj iL^jljj 
L-_J_$J1j .(jJJjj 5 j j 0 )"- 11 *"__*OL_J1 L-$J <~iT-"n! ^--Jl *>JJ <j miU t a i" i )>VI 

6? J'^Vl cy> JL- g jU-,...-, V Lq 

^cr^ "T-jj1 >* ^-^LuiSM 
l_jIjJL_U1 SoJL-ooa <j_c ju». l_j*}L>. 4_La Jj~ mi j <j 1 ^jl^" > n*i 1 iKI * 1 ' j i > 
L*-T 4 ij t a jlj_4 4j ^j*^Lnj" j > m (j_<a 4jj_>o Loj 4j_,j___L1 4-j___jjjJ1 <jt 3 j ^ <i 1 1 j 
i^^-JUjJ 4JL> (^-Js -__Jjjlx j-A Lo_i * JLljlj tj-Vl Ol ij"w J.<aj>o Ljj JLj j_T JJJ-« 4_j 
UjIjL-I ^Jl l^B cJ_wjl ^l 4JJLJI ^JL-__->JI 4oL>JI 4jjIj>-I SjUI 

4 . r U L*M-J_. (_-JI j, . _ ^JLI <____. L>L>JI ^jL-b Jj_-*J (<u 4c _JjVl 4 j iji^JI 

* Lo (^__jj__-i (j_A l_jJl_>.I 3jj -r d 4jJ mi *- 4 jlV 3ljj LujJ t^j jl .4 j 1 j i^ 
^j _ 3jL_u___ ^jja 3_lj__-Lo ^j j_Ij <j1 JLjV ^^yjJlj - 4_C j n c 4-jl__jjj ^-Ja L^L> Ju 
J «i "i -r j j-J»l I JLAj . 4 j ij iv. 4_4_C._JL_>, L^^L-- (__JI Jj__t_JI J-5-J o 7J I 4_>.jj 

"L_-_J3_JI ^j! L_JJj t L_L_ij-_^ j? I j 1 mi'i jl Lj3*>L>.l jl L-oj 4 jlr L-fl*>< " A-VI 

(j j£vj -US) j— > l jn> >"p ^j-o L_jfL>. JL-3 3lj_Jlj -»JLj m, ^ya Cj^ L> 4___ j l, I 
*4_J_VJI ^lUrj ^..a o^j-A? J-i-J jf pL-Tj " __u ^Lo^lj (3.1 j 1 1 ( jl !>L_>.j 
^j-i.- (__._* 5 V j 1 1 ) ^j-ojjJI fj] jj *LooL_- C-Jlj La 4K M.ll Jjk ^jSJ . 4 j r ll_>JI 
4_±-_. Jl>- 4jJ->. ^-Jl L_tjjj_>o jlj-Ll 4j.V m)-*iJI *L-J_>JI -4_-a oJ_vl tL> __jjo_JI 
J-T (j! (^l 5 5 4__c. j__i_l I "Luajj-jJI L-^-La Cj _lJw t 4 m <i *i l___3jJI ^-J-J 4 j jj i-w 
JL_3 l^"ajo 4 jiji-wjl 4j-__jL>J| 4_J_>J! fr IUr I 4 jlor ^ *i_TjL__JLI L>L>JI 

. I ^ i uJu SjO Mitl (j--J LO^L- 


JJ^ L?"^* 


6>o5 U_>U 1 9 _J I p^lg '^jr y-allkjlTiM 

i^UJLLbJt 3 JLjJI A-cUJ 1 5t_p Jj>-* ^2Ljj»jjtbj~j mtt 3jL_*_dl Jj_C -t 

(j^it ) A n~t *j < "m ~~ t-__jjj_ 4_Lo j-J-^i Sj-bL- j I L !j <j j^y j _> I I j__ -}L£j 
4 jl^Tl 3ljJ_> J_j_>JL1 j m.TI ___ 2L_ul jJI 4jjL>J1 _>l jJLI (jl _^_L>-L_J1 

^jLc. J_La_>J| ^j_d 4jjj__JL1 (_---> i4 ijt ^ Jxlj__ L^j (jy-Jlj 4_l_jJ_>JI 4_i_i JU>JI 
jV jt ( )jU] rj Ol — 13 4j|_-_- <___ _ (-Jjj-I I — ^Lwlj — a __a - SljUI 
4 4_j_jL_J1 4j, 1 m^ll SljJJI Jj->- ___J1 J-^l j_*JI _1_ 4_i _)j_- _i- ^_j>Lj"j > nTI 
_-Jl JJ-5LJ 1 — I ^J- 4 (^ljjJI I g -y ^Ljjj 4__fc_fljj J__ij L$JL_- t 1 1 n 

_-J1 I _" '^L_>1 ^__j L$Jj__ _4L*j jljil _>j__> ,5j__-JLI _Jj-1 4_jJ_l__>JI 4jj_j___ 
(3_->. 3 jL_J 4J_>I i u t ) _>-_ij jf i 4_^a_>. L>L>. __J1 LgJjj_*_ jIjJLI L>L>J1 

4__^jj_J! j| 4j^__>JI 4_tL>JI 3lj_ij 4_t__jj>JLI 4_yaj>Lj~i j , n 11 4_i_l_JI Cj_j_JL 

.j-i__>JI JJ-.L 

3j r Cu-Jtjj ^jL^ltt j>ta^ j_»j jrU_>Jt LjvL>» j_4 3__>*1j wL-tii- <jj»_ 0 

t^ljj-__t Ju_5Uli- 

(j_lj_i___1 Jj_3 ___j1jjJ1 jhjt- J_J1 1 $ jlr (jl Uj 4jL l! J 4 4 jUr 

(>» 3___>.lj 4__l__l -l_>Jj Preimplantation genetic diagnosis or PGD 
j_>- jJ (j l J_j_*__j tj _____>. V! 4_jj_jjI ____ j— sj I j_>. j— LLLI j^-J->JI jl 4_jjj__JI 

(j_____ J _JJ jj i LjjL^j g.j i u y _>__>JI 3l_j__w ^jL-jj (jl (jjJ (j_« 4__J_>JI 
c__j___ 4_jjIjj (j-olj—at __j_>-j _. I r __ j * ~ H 3jlj_>-jJI 4_jJ_>J I oJJt _jLu_>> 
(j_>lj_-if _;l (j_« _^_L>JI ji-— JL_LjJI ajj _tl>.j 5 jl«j I o j 3 J____JI ( ij < n~i 
_j!l_>- ! (_£jJI _ (j_L>JI ^jj^JJ j j U J— -*_j _j!jj__>JI J_4___-_j i4_pljj 
j "i^li . J_*_>J I 3j____ J_A___--J ^y—J ^--1 ^>*J - 3__j__-jJI 4_j_L>JI 4_Lq 

_♦.__ _l>._j (j-=-j IjJ Lej t^_JL-_> 4_3jjJ__JI tfj__b (_-J_ Ijjl>.j 4-i—. j >i II 2lJ_>JI 

c_jL-_j (j I (jj j _)_« 4_jJ-J_w 4j___j_>. L^L_>- __ll j_ij_>JLI __3 L^Jj_*jj 4_jJ_>J I 
4 j m 4 j r JL-w L^L_>. ___>> Lg-La OJ^- 1 ^ L^-La jJ_Lj ^-j t_jjt L^ ' ^ ^ 

___JI 4 m in V " 1 1 LM_>JI (_-JI Jj__*___j (^--J C__5j ____ lj__L>. JjJ^j 
i(j__>Jl J_l _3 _jjj _J_L__tJ _JJj (jf 5L__jj_L_JI dj_A (_-__ ^__-_ * L-_JUj_j 

I jjLS» 4 jft^VL>-tj 4_j_Jj j 4 i n r ^-_it (j_a lj_j___Lr_j JL__i y j **i >- LJ I jj^Lj 1 jj j 
__JI j n n j jJI Jl j inTI (j_CJ t I JL-j__>. J Jl_lj I j-Aj . LajJ L_^j (jj_ua \ !n i ^ j 

i(j-_bjJI _JI jjLl_j 4_iLkI JjI SL>L>JI ojla jjL__3 (jJL _Tjj t( j^/l LJL-o! 


_^_aJI_j_-JI 


£_L*__j L^L_>J! *_JL_b _J ^Jt jl _*_}-JI ^LLIj V L$j\ A n 1 r I j 

_,__ __iij _;l (^Ja L$_JJ _L__5ej jl___ *_±lj jlj-j _>jJjJL! JiiUH *L$u->L__I 

jl i4jj-^-Ij I fl i o \ j *i "< i mj _JJ j J_*_j ♦ Jjj Ull 4jL_l_>. jIj ih a 

.J— >jj 

. U n 1 ->JL I Lj*L>JI oJjl-a J_aL*j jl_j .^-cLJL! j__JJ! 4 K . _ <■ Ljjj^aj ^jjJ 

Jj-O JL_»J .^jJl J__ iLaLu- i4_|^JL_*JI 4_il_>J! LlLu ^ _ lIUj Julj _ L$j 
(j < ojj *_>_* 3t *i £_L__jj I j_jIjj 4 — j c j >JI I — j^I >JI tfjub 

_,_ I j___>j *^jljjl_*_iII < / Utt ^-Jaj »1 i>>rVl t_>j ^ L^-jsI.\ V" ii.l 

. SjUJLc 4 j^k^Lc lI_V_5_-» 

4_J_JI _4c Jji^tI I iSjjia J___«l LJ LL>. Iju 4jl jla-LcI *4j__$JI __a 

^iajjll <jja 4jJ ... >JI 4_j1>JI 4-a_jajj 3jLcl - LuSj I 4 < _ __A ( 4-ilu>JI 4-j-C Jl>J! 
4j1>J! ^ j ij-w ^ja L4JL4J ( j__lic_j ^j i4^4JjLd 4 yyy 4jC j-> 4 jl> ajb 4 ui*i\ 

4j, V 111 -*JI (J-ojjJII 4ji> ^j ij >■ j?J-— — JjJ _, it 1 "n Vj t4_4JjL-_JI 4 jlj j-»J! 4 j C j_>J! 
. 4 j iji^Jl 4j c I*_>J! 4_JJJ! ^j n-v (j^aj! m->J ^LaL> — injl 4__-e_jajj CjJUcI ^jJI 
4jj-jjI (^9 ljL_> jCi.ll jrti>Jl jH» 3JL>Ij 4_iL> JUxl ^-Aj 4_jjL_tl ^ IM! 4_J5j^j_JIj 

4 jr \ ^ L^L>. ^jj! j j-ijj.1 ^ I ^LjJu i.tl *4J jj-i_> ljI j_-j ^jjj {ja jL_j>VI 

•y* 4JJLJI 4j V im >JI 4_l1>J1 4_*_a > j SjLcL _Ujj t 4_JL_J! 4_sjjJ_JI joj .4im^ 
_jJU_I (^—11 4o_>JI ,1l>.1 i3l jjJI 4r.j <i c 4__jjj j^JI L^jI jj J_j ^jjjJo j_. ((j_ujJ,l 
4xc j_*J! L5L>J! jj>l |_i t( j_)l_w ri jMin c (^yS L^-Cjjj t4jij \y Cjj_4__1j I y ojj 

4 jl 0 r (_— aj *L^_JI (jJajjJLI ^l" jfcj (_,_!! L5L>J! jjj L^Jjj_>jj (L^La 4j_j1>JI 

.^^Therapeuticcloning (__*__ 
jl_ c_jj_JJI (^yja »L a 1*11 (jL_i Lcjj tl_bj_^j (j 1 < 1» ___LI l (jjJ_JI 0 ^ ct^j 
,4^_>L>Vlj 4j_j_J!j 4_i1»jJI j 4j-c_II J^LMI ^j<-w _>j-i _ Luj__ _ 1 j___it. 

. JJ-jJI 3j_>L_JI 4_>j (___ ___j 4jl j_j 1 11 4 (jjljC JJ>-J Jjlj j— — JJ L4--» 

^^L-jyi nnll -^rt.>ll 4j t-J-djl La j^ 1 J_£_ (__-i>L_yi ^JLJI ^ Lal 

_,_ 4__aj_JLl 4-<4J 3j ni r 4_juL__JI 4Jjjj ^ — _,VI ^Jl tJI 4_La_»ljJ 

:4al3j 4ocj^Jl Lj_>Jl jl_u ( r T-t/^^ tYi) 


;^ T ) l^Juo 3_UJ__ jjI is\a {jA L*}L>Jl $lxJb __!__ Jjju__»Jl _>S_4J 
(Vj___^LJI) 2ujjVl jf lu^l 5^141^^ j^LJI jry^JI _ \ 

j i" tlj iii >J1 L!vL>. t a \ "i V a l^ta I iii D _--J1 2uu\ irf*iTI 4jj]_>JI SjSJI _-Jbj 

tj] _>->Uj La£ - u in J*jJI jJL__lLI ____ <__jjL_M JL_J_»1 jjjLAa j-<a 4 irnL-JI jjLiDI 
Jjjua^til ^j j "i a j_-> _£ j-La jlj_i^J 4x.j_i!La j_-j 4 i j 1 1 J a t " fl -^j 51*1 <Jj~sJ 
, L^La 4_i__ JL>JI L}L>J1 ^ljjtlujl i Vjjj-o^LJI 4_1_>j-~ __JI \ j o mj 4 TjnT 
, Jj->JI J^lj-a jja 4i_>j_a ___- J_____J1 4_i>- _"! _ Y 
.mSj_-JI Jj_>JIj1 4ojm,U _ V 
•UJH-Mj JL__Jo_"1 _ i 

^lj V" inlj i jJL (jL__jl j-4 4j, \ 4_Ji- _u-.L i^^MjJI ^l mim ....1 _ o 

4__>.j_-j __JI Jj___jJI i 3, 1 gj i Lgjl JJ _yo 4-C.j n c 4 trij jj ___) 1 fl oJj L^jIjj 
.4j_:jL>Jl L}UJ1 __!_. 1*1* Jj.^ll <*_. ^j___M_JI 
*lj_^>Jlj *L-____'I *IjTj £j__-_j_LI _-__ 4_aJL_JLl __j_t_Jl (^JI ^Ul.,.VI JL-UJ 

: 4_JLJI __ljlj_UI _>,.!>, 1,1 __*jI jry____>J, 1 j 
i 3, \ flj Lj_al, L3t-_-lj I (fi j o mj 4-i-.j >J1 L^LkJI __L_ J^____>J1 jj_?cj : _jl 

_ __J_ _yaj .ULua Ujjl___- jL£ l_l .<_>-LJLI 4j «Ml __L__j_"I *1 j^Vj( ^r!vL_JI 

:4j_V1 jjL__II _ JL_JL1 Jjj-_- _-L- 
.^^jlr j>-_> __J_ <___ j_-j ^Jj i Ijj-I l_l jjjJLJI _> 

, jj__a jj_ _>-aj i4j£.j_i 4 t 1 1 t i^j-jLJjt jjl Ijl JL___ _*l _T 
,_>j_JIjJI o^^J *_*>--- * Jj—kJ ljf 4qjmiU _T 

.jjjJljJI jjLj tgj__JI -j j-rj LojLoIj J_____JI j^__>JI -i 

L^j Jj-jJJ tCJ Jljvj I jl n ij >Lj _TI JL___> 1 ^Jjl mi a (j-4 -L___jL_J1 ^l_L__UI _0 

. ^j^)^__ia jj_: J_»_- ___ L^I_L5t___l jj_tJ V 4jI _U_"L_JI j_u jl jJljJI 

jL_ Ijl Lg-^l i y-n.ilj ^cj^JI L>UJI __ic Jj____>JI jj__*j _ :LuL_ 

: JIHI Jjj-l_ __ic __Jj j-aj Laj_*_3 LfcjJu__-a 
.Jj--_JI ^j-i^J <_H-° OJ- O -4 I - v o *J mlt jrt_L>Jl -\ 

. jn-Cj-pja _jja M^jLa jl JJ-^J 4 . r> j j i jrtj J o t"i U ^j rillTI _T 

.(^4*11 jl^a^lil) 


4jr'\?Hft»_l -II 


_ji jl__> 2i^j_>JI Lj^L>JI oj^jmkiU ^ o ! i n U c-1 c Ir J__ 1 1 rt/T Lulj lj_L_*j 

__J__nJ . 4_ua^l i uV 1 Cxjl ^jJ! *_c L^jol 1 V) i it\ _)_3jL_j JlC _j q i rn U_>Jj_l_ I j 1 1 

_4j__ ^ J£j 1Cr 4Jjj V 4 ir jl_>J< 4-aL>JI £j_j_jI jjLjj J\ ^-Jj *Li__-V! c__Jl 

I^JjU _____ >- ^j-J JS* __J_ _-JL_, I j t 1 U j jl _yj tjrt 4 Lull oi-tJ JL»Vj _ JLjJL_>- 

. 4 tjt\ | II (J-li-LJJ 1 (_-__- ^-_jJ JLJ 
^ilT -Jl ^-A^-B _-3j nilj rtll Ol 0 K __jJ| <j| VI jJJj JUU _, 7\ i j V lj-f--lj 
(J-L-J ^jLoj^I ^ j L_oJLi_J <— -I mm^I _$l _)--. Lal_4- jlitJ ^JjJI ^C-Jjlj _)l» 

JjLojI _-_ i^iuill jj_ t 4__j__*_J L_L_I _jL__jV1 4 tjjU ___i j_* Liiljj t JntH £_4 
_j_o U" i ii i _£jj L J4J9 . « Ijlnr 4J j j n U jjL^J^M 4__j_L>. j_<q 4 j t^ljjl 4 n j n-sJI 
___J1 -4 j'm'<7-H 4 jf j m.11 4_iL>JI _--bJ _ 4 a j n^ll oj__ (Uj ini Jl Jjua iill I j-A 

JSjjj jjlj _)LftjVI -_«- ^j _v°j J__JI j_4 _5__1j 



j^Cj^i j^ ^jjj-* 


NjUHl.-__l. 


(«JuJlj t , Uil Jjbl £_jJ <__-> 4 j r."i y\\ 4 jl^TI 
^__»l juGj <3j j VVI cilj 1 1 ii 1 1 ___ i^Lc J___u i^>.jJjj ili 
L$1jj_»_ 4j 4 jr. j_>JI 4-f-L>Jla ij>jM>H juu ^aLjil^! 
_Ujj ,h„, ^TI ___ YY* Jl L>}L>JI gjjjl £jj <_;? __Jj 

j? 4 j i m r LMiw __Jj Jj-st-j _jl ^j^Laj L*_> i j ft ^kU ___ 
.j___Jl _>_sj_c £^LaJ (jrtJj__j^Ll 3jj__a 4 j . t) Lj^^L-Lj L^L_- 

. ((3j_>.L<_JI 4_lL>J I » ii__>j__I1 ___ Lgjj n i uj l_c£> < 1,„-k 
_>ja 4 j L^1>JI 4_j_c,jL>Jl <jJj>JI u \c. Jj -kJI ^jSLoJ 
4 jl ->JI (jl (j_->- <_,_- i^Lj ! 4 i n o j — c — _. ___ _£_L>J1 

. jJLJI _jl--1 _v* tfelc J-__s*-> SLiJLJI 4___jl>J! 

Lgl__a_j _)j-« j-aLjjj ^^Lc ^ulC _u>JI 4_lL>J1 $. I j *"«*-! (jj 

j. ,<11j ___UJL_: j ,-.^U ^js *_____.? __ll Jj -.11 4±>U_ 

jj-sIj-jo^I _>_a _J__ £•}__ _-- ^(j i uj J_3 Lq t L_j_l__j ^-jJI^ 
jj ni ij ^jLjj (jgj ntl _tj n *TI _>_>lj-_-L_* 4 j i ^> t "j niU 

. L__bj jr.j 
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